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 Abstract 
 
 
Spices have been used from ancient times not only to flavour food, but also for its preservation. Raw 
and processed foods are vulnerable to contamination during their production, distribution and sale. 
In modern days, a wide variety of chemical preservatives are commonly used in the food industry to 
prevent the growth of pathogenic bacteria and food spoilage. Such preservatives may potentially be 
harmful for the consumer. Health and economic concerns have therefore led to an intensive search 
for natural alternatives. The aim of this study was to evaluate the antimicrobial activity of the 
traditional middle-eastern spice mix Baharat. The bacterial inhibiting properties of aqueous extracts 
of Baharat and its constituting spices; Cinnamon (Cinnamomum zeylanicum), Black Pepper (Piper 
nigrum), Allspice (Pimenta dioica) and Clove (Syzygium aromaticum) were evaluated against 21 
foodborne pathogens: Staphylococcus aureus (15 strains), Listeria monocytogenes, Enterococcus 
faecalis, Lactobacillus plantarum, Escherichia coli, Pseudomonas aeruginosa and Salmonella 
tiphymurium. Minimum Inhibitory Concentrations (MIC) were evaluated for each strain by dilution 
method. The test was performed in sterile 96-well microplates. A serial dilution of the various spice 
extracts and brain heart infusion (BHI) broth suspension was performed starting from a concentration 
of 50.00 mg/ml and progressing with two fold dilution to a lowest concentration of 0.05 mg/ml. In 
this study, the MIC was the lowest concentration of spice extracts that visually exhibited growth 
inhibition of up to 80% in comparison to the positive control of each strain.  Minimum Bactericidal 
Concentration (MBC) was determined for the various spice extracts using samples from the 96 well 
plates used to determine the extract’s MIC. Samples were taken with an Inoculation loop from wells 
with equal and higher spice extract concentration for each extract and bacterial strain. They were 
then inoculated and incubated in Tryptone Soy agar. MBC value in terms of mg/ml was defined as the 
lowest concentration of spice extract that corresponds to the field in which no bacterial growth was 
visible. Cloves extract showed the lowest inhibition concentrations on s. aureus wild strains, with 
lowest MIC levels of 0.05 mg/ml, followed by “Baharat extract” with MIC mode of 0.20 mg/ml 
>Allspice 0.39 mg/ml > Baharat 0.78 mg/ml >Cinnamon 1.56 mg/ml > Black Pepper 50.00 mg/ml. In 
terms of MBC, Cinnamon and Clove extracts showed the best bactericidal properties, with MBC levels 
of 25.00 mg/ml > Baharat and Baharat extract 50.00 mg/ml > Black Pepper and Allspice >50.00 
mg/ml. in conclusion, the Clove extract and Baharat extract mix showed the greatest in vitro 
inhibitory properties in relatively low concentrations. Further research should examine the inhibitory 
properties of the spice extracts on meat and dairy substrates.    
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CHAPTER ONE: Introduction 
 
In every part of the world, people wage a constant battle against food contamination, foodborne 
diseases, and food wastage. Efforts to reduce the devastating consequences of food contamination 
started long before written records. Cooking, smoking, and simple sun drying were probably the first 
methods ever used. Despite considerable advances in food science and technology, even today, the 
safety of our food supply is a cause for considerable concern. In 1983, an Expert Committee on Food 
Safety concluded that “illness due to contaminated food was perhaps the most widespread health 
problem in the contemporary world and an important cause of reduced economic productivity” 
(WHO, The role of food safety in health and development 1984). In 1992, the International 
Conference on Nutrition stated that hundreds of millions of people suffer from communicable 
diseases caused by contaminated food and drinking water. This conference declared that “access to 
nutritionally adequate and safe food is a right of each individual” (Motarjemi and Kaferstein 1996). 
Not only has epidemiological surveillance during the past two to three decades shown an increase in 
the prevalence of foodborne illness, there have also been devastating outbreaks of diseases such as 
salmonellosis, cholera, enterohemorrhagic Escherichia coli (EHEC) infections, and hepatitis A in both 
developed and developing countries. Furthermore, cholera and other diarrheal diseases, particularly 
infant diarrhoea, which were traditionally considered to be spread by water or through person-to-
person contact, were shown to be largely foodborne. In industrialized countries, sentinel studies 
showed an unexpectedly high annual prevalence of foodborne disease, i.e., 10 to 15% of the 
population. In the United States, this figure may be as high as 25 to 30% (Mead, et al. 1999).In 2009, 
27 Member States and four other European countries submitted information on the occurrence of 
zoonoses, zoonotic agents and foodborne outbreaks to the European Commission, the European 
Food Safety Authority and the European Centre for Disease Prevention and Control. A total of 5,550 
foodborne outbreaks were reported in the European Union, causing 48,964 human cases, 4,356 
hospitalizations and 46 deaths. Most of the reported outbreaks were caused by Salmonella, viruses 
and bacterial toxins (EFSA 2011). One can safely assume this figure to be higher in developing 
countries, and the health consequences more severe. Over the past 30 years, there has been a major 
change in the epidemiology of foodborne illness. Many factors have contributed to the change, 
including genetic factors, host susceptibility, new foodborne zoonoses, antimicrobial resistance, and 
a substantial increase in international travel and in globalization of food trade. In fact, international 
food trade increased 300% over the two decades (Miliotis and Bier 2003). This has led to foodborne 
illness episodes and epidemics that are no longer confined to local or regional geographic areas. Since 
food safety has become an increasingly important international concern in modern days, a wide 
variety of chemical preservatives are commonly used in the food industry to prevent the growth of 
pathogenic bacteria and food spoilage. Such preservatives may potentially be harmful for the 
consumer (Bateman, et al. 2004, Michaelsson and Juhlin 1973). The consumption of more food that 
has been formulated with chemical preservatives has also increased consumer concern and created a 
demand for more a natural and minimally processed food. As a result, there has been a great interest 
in naturally produced antimicrobial agents such as plant extracts, bacteriocins and spices. 
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Spices are woven into the history of nations. The desire to possess and monopolize the spice trade 
has, in the past, compelled many a navigator to find new routes to spice-producing nations. In the 
late 13th century, Marco Polo’s exploration of Asia established Venice as the most important trade 
port. Portuguese explorer Vasco de Gama sailed around Africa’s Cape of Good Hope to reach Calicut, 
India. He returned with pepper, Cinnamon, ginger and jewels.  
Spices impart aroma, colour and taste to food preparations and sometimes mask undesirable odours. 
The volatile oils from spices give the aroma and the oleoresins impart the taste. There is a growing 
interest in the theoretical and practical aspects of the inner biosynthetic mechanisms of the active 
principles in spices, as well as in the relationship between the biological activity and the chemical 
structure of these secondary metabolites. Research on the structure activity relationships in spice 
components has become an exciting field since these compounds play a major role in the culinary, 
industrial and pharmacological fields (Zachariah and Villupanoor 2008).  
The definition of a spice differs according to the country or region in the world. Spices are sometimes 
defined according to where they are grown, whether they are dry or wet, or their historical 
background (i.e., when they started to be used as spices). However, these definitions are not always 
accurate from the viewpoint of their functions and constituents. The term “spice” can be defined as 
the dry parts of a plant, such as roots, leaves, and seeds, which impart to food a certain flavour and 
pungent stimuli (Hirasa and Takemasa 1998).The Geneva-based International Standards Organisation 
(ISO) defines spices and condiments as: “Vegetable products or mixtures thereof, free from 
extraneous matter, used for flavouring, seasoning and imparting aroma in foods”. Webster describes 
spices as: “Any of various aromatic vegetable productions as Pepper, Cinnamon, Nutmeg, Mace, 
Allspice, Ginger, Cloves, etc., used in cookery to season and to flavour sauces, pickles, etc.; a 
vegetable condiment or relish, usually in the form of a powder; also, as condiments collectively” (K. V. 
Peter 2001). The American Spice Trade Association defines spices as “any dried plant product used 
primarily for seasoning purposes”. This definition includes typical aromatic plant parts such as the 
berries of Black Pepper, the bark of Cinnamon, and the roots of Ginger. Leafy materials such as 
Oregano, Marjoram and Basil are also included in this definition. However, these leafy materials are 
also commonly referred to as herbs. The seeds of Mustard, Sesame and Poppy are included in the 
definition of spices. The American Spice Trade Association includes dehydrated vegetables such 
Onion and Garlic in their definition. However, the FDA does not allow dehydrated Onion or Garlic to 
be called spices. According to FDA regulations, dehydrated vegetables are indeed vegetables and 
must be declared as such (Grenis 2006).  
Spices produce a vast and diverse assortment of organic compounds, the great majority of which do 
not appear to participate directly in growth and development. These substances, traditionally 
referred to as secondary metabolites, assume great significance. Although noted for the complexity 
of chemical structures and biosynthetic pathways, the volatile and non-volatile natural products are 
perceived generally as biologically insignificant. Secondary metabolites in spices have been a fertile 
area for chemical investigation for many years, driving the development of both analytical chemistry 
and of new synthetic reactions and methodologies. In recent years, there has been an emphasis on 
secondary metabolites in relation to dietary components, which may have a considerable impact on 
human health. The majority of herbs and spices constitute important bioactive secondary 
metabolites which possess versatile pharmacological and medicinal properties (Zachariah and 
Villupanoor 2008).  
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The aim of this study was to evaluate the antibacterial properties of several spices which constitute 
the spice mix “Baharat”. Our curiosity regarding Baharat was derived from the fact that it has been 
used for centuries in Middle Eastern and north-African countries to flavour meet and fish dishes. 
These countries are known for their warm climate that represents a challenge in preserving foodstuff. 
Our presumption was that the spice mix is frequently used not only for its flavour and taste, but 
primarily for its antibacterial capacities which led to its common use in such countries. 
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CHAPTER TWO: LITERATURE REVIEW 
2.1 Foodborne pathogens 
 
2.1.1 Gram negative 
 
2.1.1.1 Salmonella typhimurium 
Salmonellae are facultative, gram-negative, motile bacilli that ferment glucose but not lactose or 
sucrose. Salmonellae are able to utilize citrate as a sole carbon source where other genera require a 
more complex source of this nutrient. All salmonellae, with the exception of Salmonella typhi, 
produce gas during the fermentation process. Salmonellae are oxidase negative, reduce nitrates to 
nitrites, and do not require NaCl for growth. They grow at temperatures between 8 and 45°C in a pH 
range of 4–9 and require water activities (aw) above 0.94. Salmonellae are sensitive to heat and are 
generally killed at temperatures of 70°C or above. They are also susceptible to pasteurization of milk 
at 72.1°C for 15 seconds (Brooks 1962). As a result, the bacteria is killed if food is cooked long enough 
to reach this temperature throughout. Salmonellae are resistant to drying and may survive for years 
in dust and dirt. 
The genus Salmonella has been classically divided into three species: S. typhi, S. cholerae suis, and S. 
enterica. These species are further catalogued by their antigenicity, as described by the Kauffmann-
White scheme (Bryan 1977). Antigen formulas represent serotypes rather than species (S. enterica 
serotype Typhimurium), although designations such as S. typhimurium are still accepted. Serotypes 
are identified by highly specific O (somatic) and H (flagellar) antigens. A given serotype will contain a 
specific combination of multiple O and H antigens. Each serotype of salmonellae can be further 
subdivided into phage type depending upon their reactivity with a defined set of bacteriophages. 
Phage typing is generally used when origin and characteristics of an outbreak of infection must be 
determined. Phage typing is currently being used in the investigation of S. enterica serotype 
Enteritidis contamination of eggs and has played a key role in identifying certain phage types of 
Typhimurium that are highly antibiotic resistant. Both serotyping and phage typing are done only in 
major salmonellae typing centres, which have the collection of antisera and phages necessary for 
such work. 
Salmonellae can also be broadly divided into groups on the basis of O antigen composition. The 
reagents for serogrouping are readily available commercially, and serogrouping can be done routinely 
in most standard microbiology laboratories. Most isolates from natural sources fall into five 
serogroups, A–E. S. typhi  and S. cholerae suis contain only one serotype each in groups D and C, 
respectively, while S. enterica contains over 2000 different serotypes in all groups including C and D. 
Considerable overlap in antigenic composition is responsible for the cross-reactivity commonly seen 
in serological tests with salmonellae. Recently multilocus enzyme electrophoresis and comparative 
sequence analysis of housekeeping and rRNA genes have revealed that the genus Salmonella may 
actually contain only two lineages that have diverged considerably from each other during evolution 
(Carramiñana, et al. 1997). By using genetic distance determined by multilocus enzyme 
electrophoresis and results of DNA-DNA hybridization studies as criteria, it has been proposed that 
these lineages represent two distinct species, designated Salmonella enterica and Salmonella 
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bongori. S. enterica can be further subdivided into subspecies designated by Roman numerals. S. 
enterica subspecies I contains 1367 serotypes, is mainly isolated from warm-blooded animals 
(mammals and birds), and accounts for >99% of all clinical isolates. The remaining subspecies (II, IIIa, 
IIIb, IV, VI, and VII) are mainly isolated from cold- blooded animals and account for <1% of clinical 
isolates (James 2000). 
Salmonella spp. are widely distributed in the environment, but some species or serovars show host 
specificity. Notably, S. typhi and generally S. Paratyphi are restricted to humans, although livestock 
can occasionally be a source of S. Paratyphi. A large number of serovars, including S. Typhimurium 
and S. Enteritidis, infect humans and also a wide range of animals, including poultry, cows, pigs, 
sheep, birds and even reptiles. The pathogens typically gain entry into water systems through faecal 
contamination from sewage discharges, livestock and wild animals. Contamination has been detected 
in a wide variety of foods and milk. Salmonella is spread by the faecal–oral route. Infections with non-
typhoidal serovars are primarily associated with person-to-person contact, the consumption of a 
variety of contaminated foods and exposure to animals. Infection by typhoid species is associated 
with the consumption of contaminated water or food, with direct person-to-person spread being 
uncommon. Salmonella is the most frequently reported cause of foodborne outbreaks with known 
origin in the EU, with over 90,000 salmonellosis cases that are reported every year. Risk of infection 
in humans is associated with the consumption of contaminated food, mainly eggs and pig meat and, 
to a lesser extent, poultry meat (EFSA 2014). 
 
2.1.1.2 Escherichia coli 
E. coli belongs to the Enterobacteriaceae family. It is a short gram-negative, non-spore forming, 
usually with flagella that are peritrichous, and fimbriate bacillus. A capsule or microcapsule is often 
present. E. coli is the main facultative anaerobe in the large intestine. This bacteria colonizes the 
gastrointestinal tract during the first hours of life. The function of E. coli as part of intestinal flora has 
been linked to nutrition as a source of vitamins. Although regarded as part of the flora of the human 
intestinal tract, several highly adapted E. coli clones have evolved and developed the ability to cause 
disease in several areas of the human body. Most of these diseases are related to mucosal surfaces. 
Sometimes, however, mucosal colonization of the intestine and urinary tract may be asymptomatic 
(Eslava, et al. 2003). Several classes of enteropathogenic E. coli have been identified on the basis of 
different virulence factors, including enterohaemorrhagic E. coli (EHEC), enterotoxigenic E. coli 
(ETEC), enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enteroaggregative E. coli (EAEC) 
and diffusely adherent E. coli (DAEC). Enteropathogenic E. coli are enteric organisms, and humans are 
the major reservoir, particularly of EPEC, ETEC and EIEC strains. Livestock, such as cattle and sheep 
and, to a lesser extent, goats, pigs and chickens, are a major source of EHEC strains. The latter have 
also been associated with raw vegetables, such as bean sprouts. The pathogens have been detected 
in a variety of water environments (WHO 2008) . 
 
2.1.1.3 Pseudomonas aeruginosa 
Gram-negative, aerobic, rod-shaped bacterium with unipolar motility (Ryan and Ray 2004), an 
opportunistic human pathogen, P. aeruginosa is also an opportunistic pathogen of plants (Iglewski 
1996). P. aeruginosa is the type species of the genus Pseudomonas (Migula) (Anzai, et al. 2000). P. 
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aeruginosa secretes a variety of pigments, including pyoverdine (yellowgreen and fluorescent), 
pyocyanin (blue-green) and pyorubin (red-brown).P. aeruginosa is often preliminarily identified by its 
pearl like appearance and grape-like or tortilla-like odour in vitro. Definitive clinical identification of P. 
aeruginosa moreover includes identifying the production of pyocyanin and fluorescein, as well as its 
ability to grow at 42°C. P. aeruginosa is capable of growth in diesel and jet fuel, where it is known as a 
hydrocarbon-using microorganism, causing microbial corrosion. It creates dark, gellish mats 
sometimes improperly called "algae" due to their appearance. Although classified as an aerobic 
organism, P. aeruginosa is considered by many as a facultative anaerobe, as it is well adapted to 
proliferate in conditions of partial or total oxygen depletion. This organism can achieve anaerobic 
growth with nitrate as a terminal electron acceptor, and, in its absence, it is also able to ferment 
arginine by substrate level phosphorylation (Palmer, Brown and Whiteley 2007, Vander, et al. 1984). 
Adaptation to anaerobic or microaerobic environments is necessary for certain lifestyles of P. 
aeruginosa (Williams, Zlosnik and Ryall 2007). 
P. aeruginosa is an excellent biofilm former (Liu, et al. 2012), and is one of the most important food-
spoiling organisms that deteriorates food, changes food texture (Myszka and Czaczyk 2009) and 
produce volatile compounds which considered the main source of the off-flavour compounds in food 
(Franzetti and Scarpellini 2007). Pseudomonas spp. were found present in protein rich foods such as 
meat, poultry, milk and fish and in several ready-to-eat products, probably from post-process 
contamination (Gram, et al. 2002).  
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2.1.2 Gram positive 
 
2.1.2.1 Enterococcus faecalis 
In 1984, Streptococcus faecalis and Streptococcus faecium were split from the genus Streptococcus 
and formed a new genus Enterococcus. The two streptococcal species were renamed to Enterococcus 
faecalis and Enterococcus faecium. Since then at least another 20 species have been included in the 
genus Enterococcus (Gilmore 2002). Enterococci are catalase-negative, esculin-positive, and Gram-
positive cocci that occur singly, in pairs or as short chains. Enterococci can tend to be coccobacillary if 
the Gramstain is prepared from agar cultures but tend to be ovoid and in small chains when prepared 
from broth cultures. Enterococci are facultative anaerobs with an optimal growth temperature of 
35°C but can grow at 10-45°C, in media with high salt concentration and in environments with a 
broad pH spectrum. Enterococci are used in the fermentation of foods and can be found in soil, on 
plants and in water. In water, enterococci are generally considered as faecal contaminants, since 
enterococci are a natural part of the intestinal flora in most mammals and birds (Gilmore 2002). 
Enterococci can in addition to faeces also be isolated from vaginal, oral and skin specimens from 
humans. E. faecalis has been accounted for most of the enterococcal infections in humans, usually 
representing about 90% of clinical isolates (Murray 1990). 
By intestinal or environmental contamination they can colonise raw foods (e.g. milk and meat) and 
multiply in these materials during fermentation. They can also contaminate finished products during 
food processing. Therefore, many fermented foods made from meat and milk (especially fermented 
meats and cheeses) contain enterococci. Usually contaminate raw meats are in the range of 10²–10⁴ 
CFU/g (Teuber, Perreten and Wirsching 1996)  and are very resistant to extremes in temperature, pH 
and salinity, may multiply to high numbers and act as spoiling agents in processed meats. In many 
cases, however, enterococci are a spoilage problem also in cooked, processed meats because they 
are able to survive heat processing, especially if initially present in high numbers (Franz, Holzapfel 
and Stiles 1999). To this regard, both E. faecalis and E. faecium have been implicated in the spoilage 
of pasteurised canned hams (Magnus, Ingledew and McCurdy 1986). 
 
2.1.2.2 Lactobacillus plantarum 
Lactobacilli are lactic acid-producing bacteria, which are members of the microbiota of the small and 
large intestinal tract of man and animals (Finegold, Attebery and Sutter 1974, Kandler and Weiss 
1986). Lactobacilli are mostly non-pathogenic and produce antibacterial substances such as 
bacteriocins and hydrogen peroxide (Johansson, et al. 1993) and have therefore been presumed, 
since the beginning of the 20th century, to compete with pathogenic bacteria and be beneficial to 
human health (Kandler and Weiss 1986). The species Lactobacillus plantarum is a major colonizer of 
the human intestine (Johansson, et al. 1993). L. plantarum is a gram positive, facultative 
heterofermentative Lactic acid bacteria (LAB), metabolically very flexible and versatile, encountered 
in many environmental niches, and with broad applications, e.g. as a starter culture in vegetable 
(Salovaara 2004) and meat (Ammor and Mayo 2007) fermentations, as probiotic for humans 
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(Goossens, et al. 2005) and animals (Demecková, et al. 2002); and lately as a delivery vehicle for 
therapeutic compounds (Pavan, et al. 2000). 
Lactic acid bacteria’s are the most important cause of spoilage of meat under vacuum or modified 
atmospheres (Skandamis and Nychas 2002). For example it is the main microbial group involved in 
the spoilage of sliced cooked ham (Hu, et al. 2009, Kreyenschmidt, et al. 2010, Vercammen, et al. 
2011). Deterioration caused by LAB is primarily due to production of metabolites that cause 
unwanted changes in appearance, texture and flavour of the substrate (Massaguer 2006).  LAB are 
responsible of greening (Nychas, Marshall and Sofos 2007) and souring of meat (acetic acid, L,D-lactic 
acid) by glucose, ribose and others CHO compounds degradation (Nassos, King and Stafford 1983). 
Other alterations caused by LAB activities are: acid off-flavours and off-odours, decrease in pH, milky 
exudates, gas production, swelling of the pack and discoloration (Jay 2005, Hu, et al. 2009, Zhang, et 
al. 2009, Audenaert, et al. 2010).  
 
2.1.2.3 Listeria monocytogenes 
Listeria monocytogenes is a gram-positive, micro-aerophilic, non-sporeforming rod, measuring 0.4–
0.5 µmin diameter and 0.5–2.0 µm in length. In 3- to 5-day-old cultures, long filamentous structures 
are often encountered. L. monocytogenes is actively motile by means of four peritrichous flagella. 
The tumbling motility is characteristic of Listeria and often used as a conventional marker for 
identification. The degree of motility is temperature dependent. Motility is best expressed when 
growth temperature is between 20 and 25°C. At 37°C and higher, flagellin production is considerably 
reduced, thereby reducing motility (Lovett 1989, Farber and Peterkin 1991). L. monocytogenesgrows 
well in most common nutrient media, including brain heart infusion broth (BHI), trypticase-soy broth 
with 0.6% yeast extract (TSBYE), Luria broth (LB), etc. Optimum growth temperature is 35–37°C, 
although L. monocytogenes grows reasonably well at temperatures as low as 4°C. The growth rate 
reduces as the growth temperature decreases. The pH range for the optimum growth is 5–9. On agar 
media, L. monocytogenescolonies are translucent with a characteristic blue-green sheen when 
viewed by obliquely transmitted light. On sheep blood agar at 37°C, colonies are slightly smaller than 
on TSBYE or BHI agar and produce a weak zone of haemolysis. L. monocytogenes can also be cultured 
in defined synthetic and semi-synthetic media, but growth rates are much slower than in nutrient-
rich media (Lovett 1989, Farber and Peterkin 1991). 
L. monocytogenes is widely distributed in the environment and has been isolated from a variety of 
habitats including soil, vegetation, silage, sewage, water, and faeces of healthy animals and humans. 
It is frequently present in foods of animal and plant origin and can become endemic in food 
processing environments. The consumption of contaminated food is the main route of transmission 
of listeriosis (80-90% of cases). Examples of incriminated foods include certain meat, poultry and fish 
products, e.g. frankfurters, pate, smoked salmon, fermented raw meat sausages etc., dairy products, 
e.g. soft cheeses, unpasteurised milk etc., and prepared salads, e.g. coleslaw, bean sprouts etc. It is 
estimated that levels of L. monocytogenes below 100cfu/g of food represent a very low risk of 
listeriosis for all population groups. In the EU, a total of 1,645 confirmed cases of listeriosis were 
reported from 26 Member States in 2009. The overall incidence was 0.4 cases per 100,000 
population. Listeriosis outbreaks are often diffused and spread over a wide geographic area. 
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Outbreaks of both invasive listeriosis and gastroenteritis listeriosis have been reported in the EU 
(EFSA 2011).  
  
2.1.2.4 Staphylococcus aureus 
 
2.1.2.4.1 Background 
The association of Staphylococcus with foodborne illness dates back as early as 1884, when spherical 
organisms in cheese caused a large food-poisoning outbreak in the United States. Other earlier 
outbreaks now attributed to the consumption of staphylococcal-contaminated foods occurred in 
France in 1894, Michigan in 1907, and the Philippines in 1914. In 1930 Dr. Gail Dack and his 
colleagues at the University of Chicago were able to demonstrate that the cause of food poisoning 
resulting from the consumption of contaminated sponge cake with cream filling was a toxin produced 
by isolated staphylococci (M. Bergdoll 1990). The growth and proliferation of S. aureus in foods 
presents a potential hazard to consumer health since many strains of S. aureus produce enterotoxins. 
The primary reasons for examining foods for S. aureus and/or their toxins are to confirm that this 
organism is the causative agent of a specific food-poisoning episode, determine whether a food or 
ingredient is a source of enterotoxigenic staphylococci, and demonstrate post processing 
contamination. The latter is usually due to human contact with processed food or exposure of food to 
inadequately sanitized food processing surfaces. Foods subjected to post process contamination with 
enterotoxigenic staphylococci also represents a potential hazard because of the absence of 
competitive organisms that might otherwise restrict the growth of S. aureus and subsequent 
production of enterotoxins. Of the various metabolites produced by the staphylococci, the 
enterotoxins pose the greatest risk to consumer health. Enterotoxins are proteins produced by some 
strains of staphylococci (M. Bergdoll 1972), which, if allowed to grow in foods, may produce enough 
enterotoxin to cause illness when the contaminated food is consumed. These structurally related, 
toxicologically similar proteins are produced primarily by S. aureus, although Staphylococcus 
intermedius and Staphylococcus hyicus have also been shown to be enterotoxigenic (Adesiyun, Tatini 
and Hoover 1984). Foods commonly associated with staphylococcal food poisoning fall into general 
categories such as meat and meat products, salads, cream-filled bakery products, and dairy products. 
Many of these items are contaminated during preparation in homes or food service establishments 
and subsequently mishandled prior to consumption. In processed foods, contamination may result 
from human, animal, or environmental sources. Therefore, the potential for enterotoxin 
development is greater in foods exposed to temperatures that permit the growth of S. aureus. This is 
especially true for fermented meat and dairy products. Although the potential is there, it is only when 
incomplete fermentation (e.g., lactic acid failure) takes place that the development of staphylococcal 
enterotoxin occurs. In processed foods in which S. aureus is destroyed by processing, its presence 
usually indicates contamination from the skin, mouth, or nose of food handlers. This contamination 
may be introduced directly into foods by process line workers with hand or arm lesions caused by S. 
aureus coming into contact with the food or by coughing and sneezing, which is common during 
respiratory infections. Contamination of processed foods may also occur when deposits of 
contaminated food collect on or adjacent to processing surfaces to which food products are exposed. 
When large numbers of S. aureus are encountered in processed food, it may be inferred that 
sanitation, temperature control, or both were inadequate. In raw food, especially animal products, 
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the presence of S. aureus is common and may not be related to human contamination. 
Staphylococcal contamination of animal hides, feathers, and skins is common and may or may not 
result from lesions or bruised tissue. Contamination of dressed animal carcasses by S. aureus is 
common and often unavoidable. Raw milk and unpasteurized dairy products may contain large 
numbers of S. aureus, usually a result of staphylococcal mastitis. The significance of the presence of S. 
aureus in foods should be interpreted with caution. The presence of large numbers of the organism in 
food is not sufficient cause to incriminate a food as the vector of food poisoning. Not all S. aureus 
strains produce enterotoxins. The potential for staphylococcal intoxication cannot be ascertained 
without testing the enterotoxigenicity of the S. aureus isolate (circumstantial evidence) and, more 
importantly, demonstrating the presence of staphylococcal enterotoxin in food. Neither the absence 
of S. aureus nor the presence of small numbers of organisms can provide complete assurance that a 
food is safe. Conditions inimical to the survival of S. aureus may result in a diminished population or 
death of viable microbial cells, while sufficient toxin remains to elicit symptoms of staphylococcal 
food poisoning. The method to be used for the detection and enumeration of S. aureus depends, to 
some extent, on the reason for conducting the test. Foods suspected to be vectors of staphylococcal 
food poisoning frequently contain a large population of S. aureus, in which case a highly sensitive 
method will not be required. A more sensitive method may be required to demonstrate an unsanitary 
process or post process contamination, since small populations of S. aureus may be expected. 
Usually, S. aureus may not be the predominant species present in the food, and, therefore, selective 
inhibitory media are generally employed for isolation and enumeration. The methods for identifying 
enterotoxins involve the use of specific antibodies. The fact that there are several antigenically 
different enterotoxins complicates their identification because each one must be assayed for 
separately. Another problem is that unidentified enterotoxins exist for which antibodies are not 
available for in vitro serology. These unidentified toxins, however, appear to be responsible for only a 
very small percentage of food-poisoning outbreak (Bennett and Monday 2003). 
2.1.2.4.2 Characteristics 
2.1.2.4.2.1 Organism 
S. aureus is a spherical gram-positive bacterium (coccus) that on microscopic examination appears in 
pairs, short chains, or bunched, grape-like clusters. Some strains are capable of producing a highly 
heat-stable protein toxin, which is capable of causing illness in humans. Other salient characteristics 
are that they are non-motile and asporogenous. Capsules may be present in young cultures but are 
generally absent in stationary phase cells (Martin and Myers 1994). Staphylococcus species are 
aerobes or facultative anaerobes and have both respiratory and fermentative metabolism. They are 
catalase positive and utilize a wide variety of carbohydrates. Amino acids are required as nitrogen 
sources, and thiamine and nicotinic acid are also required. When grown anaerobically, they appear to 
require uracil (Jay, Staphylococcal gastroenteritis 1992). Although the staphylococci are mesophilic, 
some strains of S. aureus grow at a temperature as low as 6–7°C. In general, growth of S. aureus 
ranges from 7 to 47.8°C, with an optimum temperature for growth of 35°C. The pH range for growth 
is between 4.5 and 9.3, with the optimum between pH 7.0 and 7.5 (Martin and Myers 1994). As is 
true with other parameters, the minimum pH for growth is also dependent on the degree to which all 
other parameters are at optimal conditions (Jay, Staphylococcal gastroenteritis 1992). With regard to 
water activity (aw), the staphylococci are unique in being able to grow at lower levels than other non-
halophilic bacteria. Growth has been demonstrated at as low as 0.83 aw under ideal conditions. Most 
strains of S. aureus are highly tolerant to the presence of salts and sugars and can grow over an aw 
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range of 0.83 to >0.99. S. aureus grows best at an aw of >0.99, and growth at low aw values depends 
on other growth conditions being optimal. S. aureus is capable of producing a large number of 
extracellular enzymes, toxins, and other chemical components. It has been shown that S. aureus is 
capable of producing at least 34 different extracellular proteins (M. Bergdoll, Staphylococccus aureus 
1989). Some of these extracellular metabolites have been useful in the identification of S. aureus and 
differentiation from other commonly encountered staphylococcal species. The two most common 
metabolites that have been the most useful in the identification of S. aureus are coagulase, a soluble 
enzyme that coagulates plasma, and thermonuclease (TNase). TNase is a heat- stable 
phosphodiesterase that can cleave either deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) to 
produce 3′-phosphomononucleosides. TNase is much more heat stable than ribonuclease and is 
useful in speciating staphylococci. 
2.1.2.4.2.2 Enterotoxins 
The staphylococcal enterotoxins (SEs) are single-chain proteins, which are antigenic with molecular 
weights of 26,000–29,000. They are neutral-basic proteins with isoelectric points of 7.0–8.6. They are 
resistant to proteolytic enzymes, such as trypsin and pepsin, which makes it possible for them to 
travel through the digestive tract to the site of action (Bennett and Monday 2003). The 
enterotoxigenic strain needs to grow to levels >10⁵ cfu/g before the toxin is produced at detectable 
levels. In addition, SE formation is influenced by parameters such as temperature, pH, water activity, 
redox potential and bacterial antagonisms. Once formed, SEs are extremely difficult to eliminate from 
foods. They are resistant to heat, freezing and irradiation. They will survive commercial 
pasteurisation processes and may even survive processes used for the sterilisation of canned foods. 
Currently, 16 types of SE have been identified (A, B, C1, C2, C3, D, E, G, H, I, J, K, L, M, N and O) (Baird-
Parker 2011). 
2.1.2.4.3 Nature of illness 
2.1.2.4.3.1 Symptoms 
The onset of symptoms in staphylococcal food poisoning is usually rapid (2–6 hours) and in many 
cases acute, depending on individual susceptibility to the toxin, the amount of contaminated food 
eaten, the amount of toxin in the food ingested, and the general health of the victim. The most 
common symptoms are nausea, vomiting, retching, abdominal cramping, and prostration. Some 
individuals do not demonstrate all the symptoms associated with the illness. In more severe cases, 
headache, muscle cramping, and transient changes in blood pressure and pulse rate may occur. 
Recovery generally takes 2 days, but it is not unusual for complete recovery to take 3 days or longer. 
Death from staphylococcal food poisoning is very rare, although such cases have occurred among the 
elderly, infants, and severely debilitated persons (Bennett and Monday 2003). 
2.1.2.4.3.2 Dose 
A toxin dose of less than 1.0 µg in contaminated food will produce symptoms of staphylococcal 
intoxication. This toxin level is reached when S. aureus populations exceed 106cfu. However, in highly 
sensitive people a dose of 100–200 ng is sufficient to cause illness (M. Bergdoll 1990). 
2.1.2.4.4 Epidemiology 
The epidemiology of foodborne disease is evolving to better trace established organisms as well as 
newly recognized or emerging pathogens as etiological agents of foodborne illnesses. Many of the 
pathogens have reservoirs in healthy food animals, from which they spread to a wide variety of 
12 
 
foods. These pathogens, including staphylococcal species other than S. aureus, cause millions of 
sporadic illnesses and chronic complications as well as massive and challenging outbreaks around the 
world. Recently, developed technologies and commercially available rapid methods have allowed for 
improved surveillance of such outbreaks. An outbreak investigation or epidemiological study should 
go beyond identifying a suspected food and removing it from the shelf to include determining the 
chain of events that allowed contamination with an organism in large enough numbers to cause 
illness (Tauxe 1997). This approach would facilitate the design of strategies for preventing similar 
occurrences in the future. 
2.1.2.4.5 Frequency of illness 
The true incidence of staphylococcal food poisoning is unknown for a number of reasons, including 
(a) poor responses from victims during interviews with health officials, (b) misdiagnosis of the illness, 
which may be symptomatically similar to other types of food poisoning (such as vomiting caused by 
Bacillus cereus emetic toxin), (c) inadequate collection of samples for laboratory analyses, (d) 
improper laboratory examination, and, (d) in many countries, unreported cases. (CDC 2000).In the 
European Union, 293 foodborne outbreaks were attributed to Staphylococcus spp. in 2009. This 
represented 5.3% of all reported foodborne outbreaks (EFSA 2011). 
2.1.2.4.6 Diagnosis of human illness 
In the diagnosis of staphylococcal foodborne illness, proper interviews with the victims and the 
gathering and analysis of epidemiological data are essential. Incriminated foods should be collected 
and examined for staphylococci. The presence of relatively large numbers of enterotoxigenic 
staphylococci is good circumstantial evidence that the food contains toxin. The most conclusive test is 
the linking of an illness with a specific food or, in cases where multiple vehicles exist, the detection of 
the toxin in the food sample. In cases where the food may have been treated to kill the staphylococci, 
as in pasteurization or heating, direct microscopic observation of the food may be an aid in the 
diagnosis. A number of serological methods for determining the enterotoxigenicity of S. aureus 
isolated from foods as well as methods for the separation and detection of toxins in foods have been 
developed and used successfully to aid in the diagnosis of the illness. Phage typing may also be useful 
when viable staphylococci can be isolated from the incriminated food, from victims or from 
suspected carriers, such as food handlers. However, this approach can be limiting because there are 
strains of S. aureus that are not typable by this system. More recently, genetic fingerprinting 
techniques are being applied to characterize strains of staphylococci. Two of these approaches are 
pulse-field gel electrophoresis (PFGE) of DNA restriction fragment profiles (Khambaty, Bennett and 
Shah 1994) and DNA restriction fragment polymorphism of rRNA genes (ribotyping) (Tatini and 
Bennett 1999). 
2.1.2.4.7 Vehicles of Transmission 
Staphylococci exist in air, dust, sewage, water, milk, food, or on food equipment, environmental 
surfaces, humans and animals. Humans and animals are the primary reservoirs. Staphylococci are 
present in the nasal passages and throats and on the hair and skin of 50% or more of healthy 
individuals.  This incidence is even higher for those who associate with or who come in contact with 
sick individuals and hospital environments. Although food handlers are usually the main source of 
food contamination in food-poisoning outbreaks, equipment and environmental surfaces can also be 
sources of contamination with S. aureus. Human intoxication is caused by ingesting enterotoxins 
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produced in food by some strains of S. aureus, usually because the food has not been kept hot 
enough (60°C, or above) or cold enough (7.2°C, or below) (Bennett and Monday 2003). 
2.1.2.4.8 Food incriminated 
Foods that are frequently incriminated in staphylococcal food poisoning include meat and meat 
products, poultry and egg products, salads such as egg, tuna, chicken, potato, and macaroni, bakery 
products such as cream-filled pastries, cream pies, and chocolate eclairs, sandwich fillings, and milk 
and dairy products. Foods that require considerable handling during preparation and that are kept at 
slightly elevated temperatures after preparation are frequently involved in staphylococcal food 
poisoning (Bennett and Monday 2003). 
2.1.2.4.9 Isolation and identification 
2.1.2.4.9.1 Tests Used for Identifications 
Sometimes additional diagnostic features may be required to confirm S. aureus colonies because the 
inhibitors used may not completely prevent growth of other organisms, such as bacilli, micrococci, 
streptococci, and some yeasts. Microscopic morphology helps to differentiate bacilli, streptococci, 
and yeasts from staphylococci, which form irregular or grape-like clusters of cocci. Staphylococci may 
be further differentiated from streptococci on the basis of the catalase test, with the former being 
positive. Additional features are needed to differentiate staphylococci further from micrococci. 
Usually staphylococci are lysed by lysostaphin but not by lysozyme, and they can grow in the 
presence of 0.4 µg/mL of erythromycin. Micrococci are not lysed by lysostaphin, may be lysed by 
lysozyme, and will not grow in the presence of erythromycin. In a deep stab culture, micrococci will 
grow at the surface, whereas most staphylococci grow throughout the agar. Staphylococci will grow 
and produce acid from glucose and mannitol anaerobically, whereas micrococci do not. 
Staphylococcal cells contain teichoic acids in the cell wall and do not contain aliphatic hydrocarbons 
in the cell membrane, whereas the reverse in true with micrococci. Further, the G + C content (mole 
percentage) of staphylococci is 30–40% and 66–75% for micrococci. Testing for some of these 
features is difficult, time consuming, and expensive and usually not required for routine detection 
and enumeration procedures. Several commercially available miniaturized systems have been 
developed to speciate staphylococci (Bennett and Monday 2003).  
2.1.2.4.9.2 Diagnostics Features 
The principal diagnostic features of contemporary media include (a) the ability of S. aureus to grow in 
the presence of 7.5 or 10% NaCl, (b) the ability to grow in the presence of 0.01–0.05% lithium 
chloride, and 0.12–1.26% glycine, or 40 ng/mL polymyxin, (c) the ability of S. aureus to reduce 
potassium tellurite, producing black colonies, aerobically and anaerobically, (d) the colonial form, 
appearance, and size, (e) the pigmentations of colonies, (f ) coagulase activity and acid production in 
a solid medium, (g) the ability of S. aureus to hydrolyze egg yolk, (h) the production of thermo- 
nuclease, and (i) growth at 42–43°C on selective agar. Media used in the detection and enumeration 
of S. aureus may employ one or more of these diagnostic features. 
i. Media Selection 
 Enrichment isolation and direct plating are the most commonly used approaches for detecting and 
enumerating S. aureus in foods. Enrichment procedures may be selective or non-selective. Non-
selective enrichment is useful for demonstrating the presence of injured cells whose growth is 
inhibited by toxic components of selective enrichment media. Enumeration by enrichment isolation, 
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or selective enrichment isolation, may be achieved by determining either an indicated number or the 
most probable number (MPN) of S. aureus present. Common MPN procedures use three or five tubes 
for each dilution. For enumeration, samples may be applied to a variety of selective media in two 
main ways: surface spreading and pour plates used in direct plating procedures. Surface spreading is 
advantageous in that the form and appearance of surface colonies are somewhat more characteristic 
than the subsurface colonies encountered with pour plates. The principal advantage of pour plates is 
that greater sample volumes can be used. Selective media employ various toxic chemicals, which are 
inhibitory for S. aureus to a varying extent as well as to competitive species. The adverse effect of 
selective agents is more acute in processed foods containing injured cells of S. aureus. A toxic 
medium may help prevent overgrowth of S. aureus by competing species. 
ii. Direct Plating Method 
 This method is suitable for the analysis of foods in which more than 100 S. aureus cells/g maybe 
expected. The basic equipment, media, reagents, preparation of sample, and procedures for the 
isolation and enumeration of staphylococci are described in the FDA Bacteriological Analytical 
Manual (Bennett and Lancette 1995, Andrews and June 1995). 
iii. Enrichment Isolation Method 
The most probable number method (Garthright 1995) is recommended for routine surveillance of 
products in which small numbers of S. aureus are expected and in foods expected to contain a large 
population of competing species. 
2.1.2.4.10 Differential Characteristics 
S. aureus is differentiated from the other staphylococcal species by a combination of the following 
features: colonial morphology and pigmentation, production of coagulase, thermonuclease, acetone, 
β-galactosidase, phosphatase and α-toxin (hemolysin), acid from mannitol, maltose, xylose, sucrose, 
and trehalose, novobiocin resistance, presence of ribitol teichoic acid, protein A, and clumping factor 
in the cell wall. The ultimate species identification may be established by DNA-DNA hybridization with 
reference strains. A non-isotopic DNA hybridization assay and a polymerase chain reaction (PCR) 
procedure have been used to successfully identify S. aureus (Bennett and Monday 2003). 
i. Coagulase 
The confirmation procedure most frequently used to establish the identity of S. aureus is the 
coagulase test (Bennett and Lancette 1995). Coagulase is a substance that clots plasma of human and 
other animal species. Differences in suitability among plasmas from various animal species have been 
demonstrated. Human or rabbit plasma is most frequently used for coagulase testing and is available 
commercially. The use of pig plasma has sometimes been found advantageous, but it is not widely 
available. Coagulase production by S. aureus may be affected adversely by physical factors, such as 
culture storage condition, and pH of the medium. The extent to which the production of coagulase 
may be impaired by the toxic components of selective isolation media has not been demonstrated 
clearly. Presence of clumping factor in cells is another unique feature of S. aureus. It can be used to 
distinguish tube-coagulase–positive S. aureus from other tube-coagulase–positive species such as S. 
hyicus. Clumping factor present in S. aureus cells binds to fibrinogen or fibrin present in human or 
rabbit plasma, resulting in agglutination of cells. This is referred to as slide coagulase, bound 
coagulation, or agglutination. Clumping of cells in this test is very rapid (<2 min), and the results are 
more clear-cut than 1+ or 2+ clotting in the tube coagulase test. Clumping factor can be detected 
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using commercially available latex agglutination reagents. Anti-protein A immunoglobulin G (IgG) and 
fibrinogen are used to coat polystyrene latex beads to simultaneously bind protein A and coagulase, 
both of which are specific cell surface components of S. aureus (Bennett and Monday 2003).  
ii. Thermonuclease 
Thermonuclease is also frequently used as a simple, rapid, and practical test for routine identification 
of S. aureus. Coagulase and heat-stable nuclease tests are very efficient for the identification of 
foodborne S. aureus strains isolated on Baird Parker agar. However, the use of the coagulase and/or 
thermonuclease test may result in erroneous species designation from a taxonomic standpoint. Two 
species, S. intermedius and S. hyicus subspecies hyicus, are both coagulase and thermonuclease 
positive. However, the latter species can easily be differentiated from S. aureus on the basis of the 
clumping factor test. Coagulase- and/or thermonuclease-negative staphylococci are being reported 
to be enterotoxigenic (Lancette and Bennett 2001). 
iii. Ancillary Tests 
 Additional tests for the identification of S. aureus include catalase, anaerobic utilization of glucose 
and mannitol, and lysostaphin sensitivity (Bennett and Lancette 1995). 
iv. Identification of Enterotoxins 
 The need to identify enterotoxins in foods encompasses basically two areas: (a) foods that have been 
incriminated in food-poisoning outbreaks and (b) foods that are suspected of containing enterotoxin. 
In the former case, the identification of enterotoxin in foods supports a staphylococcal food-
poisoning outbreak or episode. In the latter case, the presence or absence of toxin will determine the 
marketability of the product. The latter cannot be overemphasized because it is difficult to prevent 
the presence of staphylococci in some types of foods. The isolation and determination of 
enterotoxigenicity of staphylococcal isolates in foods can serve as a signal of potential toxin 
formation if the food is time-temperature abused, which would allow for the proliferation of the 
organism. The two most common approaches involve biological or serological testing (Bennett and 
Monday 2003). 
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2.2 Spices 
 
2.2.1 Baharat 
Baharat, which simply means "spice" in Arabic, is an all-purpose seasoning used in Middle Eastern 
cuisine. The mixture of finely ground spices is often used to season lamb, fish, chicken, beef, and 
soups and may be used as a condiment. In Israel it is also used for seasoning rice dishes and even 
pickles. 
The base of the Baharat spice mixes composed of 4 main ingredients: Allspice, Black Pepper, 
Cinnamon and Clove. Various versions of Baharat spice mix differ in their ingredients and in the ratio 
between them. Every country and even various regions within countries, have their own recipe for 
Baharat, when the variations are usually reducing the Black Pepper relative portion and adding other 
spices instead. Those added spices could be Cardamom seeds, Coriander seeds, Cumin seeds, 
Nutmeg, dried red Chilli or Paprika etc. 
In addition to the four main ingredients, Turkish Baharat includes Mint ,in Tunisia rosebuds, in Arab 
States of the Persian gulf Baharat includes Loomi (dried black lime) and Saffron, in Lebanon Cumin, 
Cardamom and Ginger, in Iraq Coriander, Turmeric, Paprika, white Mustard and Nutmeg, and so on. 
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2.2.2 Black Pepper 
 
                                                   
Figure 2.1 Piper nigrum by Franz Eugen Kohler               Figure 2.2 Black Pepper. Source: www.thehomesteadgarden.com 
                                                                                                 
2.2.2.1 Introduction and description 
Dried, ground pepper, and its variants, is one of the most common spices in European cuisine, having 
been known and prized since antiquity for both its flavour and its use as a medicine. The spiciness of 
Black Pepper is due to the chemical, piperine. Black Pepper, also nicknamed as ”black gold” and the 
“king of spices”, is the most important and widely consumed spice in the world. Compared with many 
other spices, properly dried Black Pepper (∼ moisture content 8–10%) can be stored in airtight 
containers for many years without losing its taste and aroma. The word “pepper” is derived from the 
Sanskrit “pippali”, via the Latin “piper” and Old English “pipor”. The Latin word is also the source of 
German “pfeffer”, French “poivre”, Dutch “peper”, Italian “pepe” and other similar forms. Pepper 
was used in a figurative sense, meaning “spirit” or “energy”, at least as far back as the 1840s 
(Zachariah and Villupanoor 2008). 
 
2.2.2.2 Botany 
The Black Pepper of commerce is the matured dried fruits (berries) of the tropical, perennial plant 
Piper nigrum L. of the Piperaceae family. The common Black Pepper is found extensively in the 
evergreen forests of Western Ghats and adjoining areas, almost from sea level up to an elevation of 
1300 m. It is a perennial climber, climbing by means of ivy-like roots which adhere to the support 
tree. 
The sessile, small white flowers are borne in pendulous, dense, slender spikes of about 50 blossoms 
each. The berry-like fruits, or peppercorns, are round, about 0.5–1.0 cm in diameter and contain a 
single seed. They become yellowish-red at maturity and bear a single seed. Spike length varies 
greatly, based on cultivar. The young berries are green, whitish green or light purple, while mature 
ones are green, pale purple or pale yellow and change to red on ripening. Wild forms are usually 
dioecious, while cultivated ones are bisexual. The cultivars of Black Pepper may have originated from 
the wild varieties through domestication and selection. Over one hundred cultivars are known, but 
many of them are becoming extinct due to various reasons, such as the devastation of pepper 
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cultivation by diseases like foot rot and slow decline, replacement of traditional cultivars by a few 
high-yielding varieties, etc. Cultivar diversity is richest in the Indian state of Kerala, followed by the 
state of Karnataka. Most of the cultivars are bisexual forms, unlike their wild counterparts (Zachariah 
and Villupanoor 2008). 
Once, there were specific cultivars of Black Pepper identified with major growing tracts. However, 
during the turn of the present century, extensive plantations of tea, cardamom and coffee were 
established in the hilly tracts of Western Ghats and there was a lot of human migration from the 
plains to these hills, mainly in search of land and work, bringing with it, among other things, pepper 
cultivars. Such human activities influenced the selective spread of certain high-yielding cultivars and 
they became very popular in all pepper growing tracts. Black Pepper has multiple uses in the 
processed food industry, in kitchens, in perfumery, in traditional medicine and even in beauty care.  
2.2.2.3 Uses 
Black Pepper oil can be used to help in the treatment of pain relief, rheumatism, chills, flu, colds, 
exhaustion, muscular aches, physical and emotional coldness, fevers, as a nerve tonic and to increase 
circulation. Furthermore, it increases the flow of saliva, stimulates appetite, encourages peristalsis, 
tones the colon muscles and is a general digestive tonic (J. Pruthi 1993). 
2.2.2.4 Production and trade 
The average total export from the different producing countries is about 138,000 t. Recently, Vietnam 
has become the world’s largest producer and exporter of pepper (116,000 t in 2006). Other major 
producers include Indonesia (67,000 t), India (65,000 t), Brazil (35,000 t), Malaysia (22,000 t), Sri 
Lanka (12,750 t), Thailand and China (K. Peter 2000). Peppercorns are, by monetary value, the most 
widely traded spice in the world, accounting for about 20% of all spice imports. The price of pepper 
can be volatile and this figure fluctuates a great deal year by year. The International Pepper Exchange 
is located in Kochi, India Vietnam dominates the export market, exporting almost the entire produce. 
The International Trade Centre (ITC), Geneva, put the latest trade in spices at 400,000–450,000 t, 
valued at US$1.5–2.5 billion annually. Black Pepper accounts for more than 30% of the world trade in 
spices (Zachariah and Villupanoor 2008). 
2.2.2.5 General Composition 
There are two main components of black and white pepper: the volatile oil and pungent compounds. 
The volatile oil level in Black Pepper is usually higher than in white pepper. The hull of pepper 
contains fibre and some essential oil. Black pepper contains about 2.0–2.6% volatile oil and about 6–
13% oleoresin. The nutritional composition of Black Pepper is given in Table 2.1. The pungency of 
Black Pepper was attributed initially to the presence of piperine only. Further investigations into the 
pungency of this spice by several workers led to the discovery that materials other than piperine also 
contributed to its pungency (Traxler 1971). Later on it was found that 88% of the polysaccharide of 
Black Pepper berries was glucose, followed by galactose, arabinose, galacturonic acid and rhamnose 
in smaller proportions (Chun, et al. 2002).  
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Table 2.1 Nutritional composition of Black Pepper per 100 g 
Composition Quantity 
Water (g) 12.46 
Food energy (Kcal) 251.0 
Protein (g) 10.39 
Fat (g) 3.26 
Carbohydrates (g) 63.95 
Dietary fibre (g) 25.3 
Calcium (mg) 443.0 
Phosphorus (mg) 158.0 
Sodium (mg) 20.0 
Potassium (mg) 1329.0 
Iron (mg) 9.71 
Zinc (mg) 1.19 
Magnesium (mg) 171.0 
Ascorbic acid (mg) 0.0 
Thiamine  (mg) 0.108 
Riboflavin (mg) 0.180 
Niacin (mg) 1.143 
Vitamin B6 (mg) 0.291 
Folate (µg) 17.0 
Source: (USDA 2016) 
 
2.2.2.6 Chemistry 
 
2.2.2.6.1 Volatiles 
The aroma of Black Pepper is contributed mainly by the volatile oil, which varies between 2 and 5% in 
the berries. Produced by steam distillation from the Black Peppercorns, the essential oil is water-
white to pale olive in colour, with a warm, spicy (peppery), fresh aroma. It has a middle note and 
blends well with rose, rosemary, marjoram, frankincense, sandalwood and lavender; however, it 
should be used in small amounts only (Borges and Pino 1993). 
 
Constituents of Black Pepper oil 
Earlier workers established the presence of α-pinene, β-pinene, 1-α-phellandrene, dl-limonene, 
piperonal, dihydrocarveol, β-caryophyllene and a piperidine complex from the essential oil obtained 
by steam distillation of ground Malabar pepper. They also reported the presence of epoxy 
dihydrocaryophyllene, cryptone and possibly citronellol and an azulene (Hasselstrom, et al. 1957).  
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Monoterpene hydrocarbons and oxygenated compounds 
There are 15 monoterpene hydrocarbons identified so far. About 43 oxygenated compounds of a 
monoterpenoid nature have been characterized (Pino and Borges 1999). 
Dilution and concentration experiments on samples of dried Black Pepper berries from India and 
Malaysia, as well as enantioselective analysis of optically active monoterpenes, indicated (±)-linalool, 
(+)-α-phellandrene, (−)- limonene, myrcene, (−)-α-pinene, 3-methylb-utanal and methylpropanal as 
the most potent odorants of Black Pepper. Additionally, 2-iso- propyl-3-methoxypyrazine and 2,3-
diethyl-5- methylpyrazine were detected as important odorants of the Black Pepper sample from 
Malaysia, which had a mouldy, musty off- flavour (Jagella and Grosch 1999). 
Sesquiterpene hydrocarbons and oxygenated compounds 
β-Caryophyllene is the major sesquiterpene hydrocarbon present in pepper oil. Other sesquiterpene 
hydrocarbons are also reported from Black Pepper oil. About 20 oxygenated sesquiterpenes have 
been identified from pepper oil.  
Chemical structures of major aroma compounds are illustrated in Fig. 2.3 
 
 
 
Figure 2.3 Aromatic compounds of Black Pepper (Zachariah and Villupanoor 2008) 
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2.2.2.6.2 Non-volatiles 
 
Properties, synthesis and estimation of piperine 
The alkaloid piperine generally is accepted as the active ”bite” component in Black Pepper. The 
homologues and analogues of piperine are minor or trace compounds and their contribution to 
pungency is small. Despite the controversy over the nature of pungent compounds in pepper, 
piperine content has been taken as a measure of the total pungency. Piperine is a yellow crystalline 
substance having a melting point of 128–130°C. Piperine, C17H19 O3 N, was shown to be a weak 
base which, on hydrolysis with aqueous alkali or nitric acid, yielded a volatile base C5H11N, later 
identified as piperidine. The pungent dark oily resin obtained after removal of piperine from the 
oleoresin was named as chavicine (Govindarajan 1977). 
 
 
Figure 2.4 Pungent compounds of Black Pepper (Zachariah and Villupanoor 2008) 
 
2.2.2.7 Medicinal and Pharmacological Properties 
The therapeutic properties of Black Pepper oil include analgesic, antiseptic, antispasmodic, antitoxic, 
aphrodisiac, diaphoretic, digestive, diuretic, febrifuge, laxative and tonic (especially of the spleen).As 
a natural medicinal agent, Black Pepper in tea form has been credited for relieving arthritis, nausea, 
fever, migraine headaches, poor digestion, strep throat and even coma. It has also been used for non-
medical applications, as an insecticide. Pepper and pepper containing preparations are used for the 
treatment of intermittent fever, neuritis, cold, pains and diseases of the throat. In Chinese medicine, 
pepper is used for the treatment of malaria (Zachariah and Villupanoor 2008). 
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Antioxidant activity 
Water and ethanol crude extracts from Black Pepper were investigated for their antioxidant and 
radical scavenging activities. In table 2.2 are reported the total antioxidant activities by ferric 
thiocyanate, DPPH scavenging, superoxide anion radical scavenging, metal chelating and H₂O₂ 
scavenging activities methods of a water extract of Black Pepper (WEBP), an ethanol extract of black 
pepper (EEBP), BHA, BHT and α-tocopherol at the same concentration (75 mg/ml). 
Table 2.2 Antioxidant activity of Black Pepper 
 Total 
antioxidan
t activity 
(%) 
DPPH 
scavenging 
activity (%) 
Reducing 
power 
Superoxide 
radical 
scavenging 
activity (%) 
Metal 
chelating 
activity (%) 
H₂O₂ 
scavenging 
activity (%) 
BHA 
BHA 92.1 79±3.20 3.204±0.114 69.6±6.10 69±4.00 88±4.20 
BHT 95.0 76±4.42 2.311±0.046 82.2±2.34 66±4.52 97±2.20 
α-tocopherol 70.4 78±4.78 1.929±0.065 75.4±2.62 75±0.41 93±3.10 
WEBP 95.5 55±4.16 0.665±0.130 64.2±5.16 84±2.20 83±4.30 
EEBP 93.3 48±5.18 0.855±0.070 22.6±4.68 83±4.36 63±3.10 
WEBP:Water extract of Black Pepper, EEBP: Ethanol extract of black pepper, BHA: Butylated 
hydroxyanisole, BHT: Butylated hydroxytoluene, DPPH: 1, 1-diphenyl-2-picrylhydrazyl radical 
Source: (Gulcin 2005) 
 
Bio-enhancing ability 
Piperine (1-piperoyl piperidine) is shown to possess bioavailability enhancing activity with various 
structurally and therapeutically diverse drugs. Piperine’s bioavailability enhancing property may be 
attributed to increased absorption, which may be due to alteration in membrane lipid dynamics and 
change in the conformation of enzymes in the intestine. Piperine also stimulates leucine amino 
peptidase and glycyl–glycine dipeptidase activity, due to the alteration in enzyme kinetics. This 
suggests that piperine could modulate membrane dynamics due to its apolar nature by interacting 
with the surrounding lipids and hydrophobic portions in the protein vicinity, which may modify 
enzyme conformation. Ultrastructural studies with piperine showed an increase in microvilli length, 
with a prominent increase in free ribosomes and ribosomes on the endoplasmic reticulum in 
enterocytes, suggesting that synthesis or turnover of cytoskeletal components or membrane proteins 
may be involved in the observed effect. In conclusion, it is suggested that piperine may induce 
alterations in membrane dynamics and permeation characteristics, along with induction in the 
synthesis of proteins associated with cytoskeletal function, resulting in an increase in the small 
intestine absorptive surface, thus assisting efficient permeation through the epithelial barrier 
(Khajuria, Thusu and Zutshi 2002). The effect of piperine on the bioavailability and pharmacokinetics 
of propranolol and theophylline has been examined clinically by Bano, et al. (1991). They established 
that the enhanced systemic availability of oral propranolol and theophylline could be exploited to 
achieve better therapeutic control using piperine. Gupta, et al. (1998), studied the influence of 
piperine on nimesulide-induced anti- nociception. Piperine at a dose of 10 mg/ kg significantly (p < 
0.001) increased the analgesic activity of nimesulide administered at a submaximal dose of 6.5 
mg/kg. This report emphasized the potential of piperine in enhancing the bioavailability of analgesics. 
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Sunil, et al. (2001) Found the potential of piperine in inhibiting gastric emptying and gastrointestinal 
transit in rats and mice. 
 In traditional Chinese medicine, a dried powder consisting of 1 radish: 99 peppercorns is used to 
treat epilepsy. The effectiveness of the prescription may be due to the anticonvulsant actions of the 
principal component of pepper, the alkaloid piperine. Rajinder, et al. (2002) Studied the mode of 
action of piperine. Through human liver microsomal studies, they established that piperine, a major 
constituent of Black Pepper, inhibits human P-glycoprotein and CYP3A4. The effects of rifampicin 
alone or as a 24:1 (w/w) mixture of rifampicin and piperine (extracted from P. nigrum) against 
transcription of Mycobacterium smegmatis RNA polymerase, from rifampicin-resistant or susceptible 
strains, was studied. The mixture of piperine and rifampicin showed remarkable growth inhibitory 
effects on M. smegmatis, and this inhibition was higher than that of rifampicin alone. Interestingly, 
piperine alone, even at higher concentration, did not inhibit the growth of M. smegmatis. The 
mixture of rifampicin and piperine abrogated non-specific transcription catalysed by the 
microorganism’s RNA polymerase. Here, too, the effect was higher than rifampicin alone, and 
piperine showed no effect when used independently. When RNA polymerase was purified from a 
rifampicin-resistant M. smegmatis strain, the enzymatic activity, otherwise resistant to rifampicin, 
decreased significantly in the presence of piperine along with rifampicin (Veena, Saaket and Dipankar 
2001). 
 
Antibacterial activity 
The antibacterial activity of solvent extracts, purified piperine and piperic acid was evaluated against 
Gram-positive (Bacillus subtilus, Enterococcus faecalis, Staphylococcus xylosus, S. aureus and S. 
epidermidis) and Gram-negative (Escherichia coli, Klebsiella pneumoniae, Salmonella enterica) strains 
by measuring the inhibition zone diameter and the determination of MIC values. All extracts show 
varying degrees of antibacterial activity against most of the Gram-positive and Gram-negative 
bacteria tested. The ethanol extract was found to be the most effective. The antibacterial activity of 
the ethanol extracts from P. nigrum could be related to the presence of phenolic and flavonoid 
components (Zarai, et al. 2013). On other research, using the same method, the zone of inhibition 
was measured for both acetone and Dichloromethane extract of Black Pepper. It was found that 
Gram positive bacteria were more susceptible than Gram negative bacteria but less efficient than 
that of standard antibiotic, ampicillin. The acetone extract of Black Pepper displayed excellent 
inhibition on the growth of Gram positive bacteria. Staphylococcus was more susceptible followed by 
Bacillus and Streptococcus. The MIC values are 125, 250 and 500 ppm, respectively. Among the Gram 
negative bacteria Pseudomonas was more susceptible to Black Pepper followed by E. coli, Klebsiella 
and Salmonella (62.5, 125 and 250 ppm, respectively). The DCM extract of Black Pepper showed good 
activity and inhibited both Gram positive and Gram negative bacteria. The minimum inhibitory 
concentration ranged between 62.5 to 125 ppm for Gram positive bacteria and 125 to 250 ppm for 
Gram negative bacteria. The active principle piperine alone showed excellent bactericidal activity at 
250 ppm against all the Gram positive and Gram negative bacteria tested (Karsha and Lakshmi 2010). 
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2.2.3 Allspice 
 
                                                                      
   Figure 2.5 Pimenta dioica by Franz Eugen Kohler                                 Figure 2.6 Allspice. Source: www.kafkaesqueblog.com 
2.2.3.1 Introduction and description 
Allspice, Pimenta dioica (L.) Merr. is a polygamodioecious evergreen tree. The dried unripe fruits of 
which provide the culinary spice pimento of commerce. It belongs to the family Myrtaceae and is 
known in English as “Allspice” or “pimento”, in French as “piment jamaique” or “toute-epice”, in 
Portuguese as “pimenta da Jamaica”, in Italian as “pepe della giamaica” or “pepe garofanato” and in 
Spanish as “pimienta gorda”. The name “Allspice” was coined by John Ray (1627–1705), an English 
botanist, who identified the flavour to a combination of Clove, Cinnamon and Nutmeg 
(Krishnamoorthy and Rema 2004). 
Allspice was used by early Central American civilizations as a flavouring for chocolate. The Spanish 
explorers of the 17th century gave Allspice the name “Pimienta”, because of its peppery flavour (Rao, 
Navinchandra and Jayaveera 2012). The tree is indigenous to West Indies (Jamaica). The trees are 
also found in Central America (Mexico, Honduras, Guatemala, Costa Rica and Cuba) and in the 
neighbouring Caribbean islands, although it’s original home is in dispute. Christopher Columbus 
discovered Allspice in the Caribbean islands in about 1494. Spanish explorers and later settlers in 
Jamaica harvested and used the leaves and berries. Reports indicate that, there has been continuous 
production of berries in Jamaica from about 1509 to the present day. The berries reached London in 
1601 as described by Clusius in his “Liber Exoticorum”, and the plants were first cultivated in England 
in a hot house in 1732 (Weiss 2002). Before World War II, Allspice was more widely used than today, 
however, during the war many trees were cut down and there was a shortage of the spice. Though 
cultivation was taken up after the war, production never fully recovered (Krishnamoorthy and Rema 
2004). 
2.2.3.2 Botany 
The family Myrtaceae consists of about 3000 woody species, most of which grow in the tropics. The 
genus Pimenta Lindl. Consists of about 18 species of aromatic shrubs and trees native to tropical 
America (Willis 1966). The genus is closely related to Myrtus L. and Eugenia L. The commercially 
important Pimenta spp. is Pimenta dioica (L.) Merr. Providing the spice pimento (Allspice). Allspice is 
a small, functionally dioecious evergreen tree, 7–10 m tall, slender trunk profusely branched at its 
extremities. The bark is smooth and shiny, pale silvery brown, shedding in strips of 25–75 cm long at 
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intervals. Leaves are borne in clusters at the ends of the branches, simple, opposite, entire, thinly, 
coriaceous, punctate with pellucid glands, aromatic when crushed. (Krishnamoorthy and Rema, 
Allspice 2004). The fruit is a sub-globose berry, 4–6 mm in diameter, green when unripe, deep purple 
to glossy black when ripe, aromatic on drying, dried unripe fruits dark brown. The embryo is involute–
spiral in 2–2.5 coils, with very short cotyledons and a thick, long radicle. (Krishnamoorthy, Sasikumar, 
et al. 1997) 
2.2.3.3 Uses 
Whole spice, ground spice, berry oil, leaf oil and oleoresin are the major products obtained from 
pimento. In olden days, Mayans used Allspice to embalm and preserve the bodies of their leaders.  
The major use of Allspice is in the food industry (65–70%). A small quantity is used for domestic use 
(5–10%), for production of pimento berry oil (20–25%), for extraction of oleoresin (1–2%) and in 
pharmaceutical and perfume industry (Tainter and Grenis 1993). Allspice is mostly used in Western 
cooking and is less suitable for Eastern cooking. It is most used in British, American and German 
cooking. 
Whole spice 
The dried mature fruits are mainly used as a flavouring and curing agent in processed meats and 
bakery products and as a flavouring ingredient for domestic and culinary purposes. Whole fruits are 
preferred in prepared soups, gravies and sauces. Whole ripe berries are an essential component of 
the local Jamaican drink Pimento dram and as an ingredient of the liqueurs Chartreuse and 
Benedictine (Krishnamoorthy and Rema 2004). 
Ground spice 
The major use of Allspice in the ground form is for flavouring processed meats, baking products, 
desserts, fruit cakes, pies, desserts, pickles, sauces, salads, vegetables, soups, fish, poultry, sausages, 
meats, marinades, mulled wine and preserves. For domestic culinary use, pimento is often mixed 
with other ground spices (Krishnamoorthy and Rema 2004). 
2.2.3.4 Production and trade 
Jamaica is the largest producer and exporter of pimento, accounting for 70% of the world trade. The 
remaining 30% is produced by Honduras, Guatemala, Mexico, Brazil and Belize. Among the pimentos 
from various geographical locations, Jamaican pimentos are considered to be of high quality because 
of their flavour, appearance and size and receive a premium price in the market. The major importing 
countries are USA, Germany, the UK, Finland, Sweden and Canada. Leaf oil is mainly exported to the 
USA and the UK. 
2.2.3.5 Chemical composition 
Berry 
The dried, mature but not ripe, berries are the pimento spice of commerce. The berries of 
international standard should be between 6.5 and 9.5 mm in diameter, medium to dark brown in 
colour, with an uneven surface and with a pleasant odour, characteristic of the spice and with 
approximately 13 fruits/g. The dried berry contains aromatic steam volatile oil, fixed (fatty) oil, resin, 
protein, starch, pigments, minerals, vitamins, etc. The constituents present in the oil influence the 
quality and aroma of the spice. The phenolic compound eugenol and isoeugenol and the 
sesquiterpene hydrocarbon, β-caryophyllene are the major compounds present in Allspice. Several 
26 
 
other compounds have been identified in Allspice, which is present in lesser quantities. The 
geographical variation, cultivar differences, stage of maturity, etc. also influence the quality of the 
berry. Prolonged storage of Allspice is detrimental to both oil content and flavour of the spice. 
 
Table 2.3 Nutrient composition of ground Allspice per 100 g 
Composition Quantity 
Water (g) 8.46 
Food energy (Kcal) 263.0 
Protein (g) 6.09 
Fat (g) 8.69 
Carbohydrates (g) 72.12 
Dietary fibre (g) 21.6 
Calcium (mg) 661.0 
Phosphorus (mg) 113.0 
Sodium (mg) 77.0 
Potassium (mg) 1044.0 
Iron (mg) 7.06 
Zinc (mg) 1.01 
Magnesium (mg) 135.0 
Ascorbic acid (mg) 39.2 
Thiamine (mg) 0.101 
Riboflavin (mg) 0.063 
Niacin (mg) 2.860 
Vitamin B6 (mg) 0.210 
Folate (µg) 36 
Source: (USDA 2016) 
 
Berry oil 
Extraction of berry oil can be carried out by different methods. Berry oil is generally obtained by 
hydro distillation or steam distillation of dried immature berries. When supercritical CO2 extraction 
techniques are employed for extraction of berry oil, the oil obtained is of superior quality and flavour, 
compared with steam distilled or hydro distilled oil (Garcia-Fajardo, et al. 1997). 
The berry oils extracted by supercritical CO2 method and steam distillation have been characterized 
based on their physicochemical properties. The yield of berry oil ranges from 3.0 to 4.5%. The oil is 
yellow to brownish yellow with a warm spicy sweet odour and fresh and sweet top-note, and is 
placed in the warm, sweet spicy group (Arctander 1960). About 60 constituents have been detected, 
including phenols, monoterpene hydrocarbons, oxygenated hydrocarbons, sesquiterpene 
hydrocarbons and oxygenated sesquiterpenes, and about 34 constituents were reported in steam-
distilled berry oil using gas chromatography (Nabney and Robinson 1972). The oil from green berries 
is similar in composition to that from dried berries, but has a higher monoterpene content (Ashurst, 
Firth and Lewis 1972). The principal components are usually eugenol, methyl eugenol, β-
caryophyllene, humulene, terpinen-4-ol and 4,5-cineole (Nabney and Robinson 1972, Lawrence 
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1999). The main constituents affecting taste and flavour are the abundance and ratio of 1,8-cineole 
and α-phellandrene. Allspice contains various essential oils (Pino, Rosado and Gonzalez 1989), 
phenolic acids (Schulz and Herrmann 1980), flavanoids (Vosgen, Herrmann and Kiok 1980), catechins 
and phenyl propanoids (Kikusaki, et al. 1999). The flavonol content of Allspice is low and consists 
mainly of quercetin glycosides (Vosgen, Herrmann and Kiok 1980). Three new galloylglucosides were 
isolated from berries of P. dioica (from Jamaica) together with three known compounds, gallic acid, 
pimentol and eugenol 4-o-beta-D-(6-o- galloyl) glucopyranoside (Kikuzaki, et al. 2000).  
Oleoresin 
Oleoresin is prepared by extraction of the crushed spice with organic solvents followed by 
evaporation of the solvent. The composition of the oleoresin depends upon the raw materials and 
the solvents used for extraction of oleoresin. The oleoresin is a brownish to dark green oily liquid and 
two grades are normally available, based on the volatile oil content namely, 40–50 and 60–66 ml per 
100 g. (Krishnamoorthy and Rema 2004). 
 
Figure 2.7 Structures of the main compounds in Allspice (Krishnamoorthy and Rema 2004) 
 
28 
 
 
2.2.3.6 Medicinal and Pharmacological Properties 
Allspice is not only valued as a spice to add flavour to food but has medicinal, antimicrobial, 
insecticidal, nematicidal, antioxidant and deodorizing properties (Krishnamoorthy and Rema 2004). 
Medicine 
The powdered fruit of Allspice is used in traditional medicine to treat flatulence, dyspepsia, diarrhoea 
and as a remedy for depression, nervous exhaustion, tension, neuralgia and stress. In small doses it 
can also help to cure rheumatism, arthritis, stiffness, chills, congested coughs, bronchitis, and 
neuralgia. It has anaesthetic, analgesic, antioxidant, antiseptic, carminative, muscle relaxant, 
rubefacient, stimulant and purgative properties (Rema and Krishnamoorthy 1989). It is also useful for 
oral hygiene and in cases of halitosis. An aqueous suspension of Allspice is reported to have anti-ulcer 
and cytoprotective activity by protecting gastric mucosa against indomethacin and various other 
necrotizing agents in rats (Al-Said, et al. 2002). 
Antioxidant 
Allspice has a strong hydroxyl radical scavenging activity (Nakatani 2000). Compounds that markedly 
inhibit the formation of malondialdehyde from 2-deoxyribose and the hydroxylation of benzoate with 
the hydroxyl radical were isolated from methanol extracts of Allspice. These compounds were 
identified as pimentol and had a strong antioxidant activity as hydroxyl radical scavengers at 2.0 µm 
(Oya, Osawa and Kawakishi 1997). A phenylpropanoid, threo-3-chloro-1-(4-hydroxyl- 3-
methoxyphenyl)propane-1,2-diol isolated from berries of P. dioica inhibited autoxidation of linoleic 
acid in a water–alcohol system (Kikusaki, et al. 1999). The effect of different Allspice extracts 
(ethanol, chloroform, diethyl ether, benzene and hexane) on the stability of rapeseed oil was 
examined. The ethanol extract exhibited a remarkable antioxidant effect and the antioxidant 
effectiveness of various extracts was in the order ethanol extract > chloroform extract > diethyl ether 
extract > benzene extract > hexane extract (Vinh, et al. 2000). 
Deodorizing effect 
The major function of allspice is to flavour food but it has a sub-function of deodorizing or masking 
unpleasant odours. The concentration of methyl mercaptan is a major cause of bad breath and it was 
observed that Allspice has a deodorizing rate of 61% (deodorizing rate is the percentage of methyl 
mercaptan (500 ng) captured by methanol extract) (Krishnamoorthy and Rema 2004). 
Toxicity 
Allspice oil should only be used in low dilutions since it is found to irritate the mucous membrane, 
owing to the presence of eugenol in Allspice oil. It is also reported to cause dermal irritation. At low 
doses it is non-toxic, non-irritant, non-sensitizing and non- phototoxic (Krishnamoorthy and Rema 
2004). 
Fungicide 
The antifungal potential of extracts of Allspice was tested in vitro against the field fungus (Fusarium 
oxysporum) and six storage fungi (Aspergillus candidus, A. versicolor, Penicillium aurantiogriseum, P. 
brevicompactum, P. citrinum and P. griseofulvum) and in situ against the initial mycoflora of wheat 
grains after harvest (mainly Fusarium spp., Alternaria spp. and Cladosporium spp.). Allspice 
suppressed the growth of all the above fungus in vitro (Scholz, et al. 1999). 
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Antibacterial activity 
Allspice leaf extract was found to inhibit growth of Staphylococcus aureus and Bacillus cereus in 
concertation of 10 mg/ml, and Salmonella Typhimurium in concentration of 20 mg/ml (Vazquez-
Cahuich, et al. 2013) . The essential oil of Allspice berries was found to inhibit Pseudomonas putida, 
Escherichia coli, Listeria monocytogenes, Salmonella Typhimurium and Staphylococcus aureus 
(Oussualah, et al. 2006). Hargreaves, et al. (1975) revealed that Allspice extracts inhibit Bacillus 
subtilis. Allspice had a strong bactericidal effect against Yersinia enterocolitica (Bara and Vanetti 
1995). Allspice was also reported to suppress E. coli, Salmonella enterica and Listeria monocytogenes 
(Friedman, Henika and Mandrell 2002).The minimum inhibitory concentrations (%) of hexane extracts 
of Allspice on Escherichia coli, Salmonella enterica, Staphylococcus aureus, Bacillus cereus and 
Campylobacter jejuni was 10% (Hirasa and Takemasa 1998). A study testing thymol (thyme and 
oregano), eugenol (Clove, Allspice and Cinnamon), menthol and anathole (Anise and Fennel) on three 
pathogenic bacteria, Salmonella Typhimurium, Staphylococcus aureus and Vibrio parahaemolyticus, 
showed that all these spice components inhibited the bacteria to different extents. Eugenol was 
more active than thymol, which was more active than anethole. Eugenol is also sporostatic to Bacillus 
subtilis at 0.05–0.06% level (Tainter and Grenis 1993). 
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2.2.4 Cinnamon 
 
                                          
Figure 2.8 Cinnamomum verum by Franz Eugen Kohler                  Figure 2.9 Cinnamon. Source: www.authoritynutrition.com 
                                 
2.2.4.1 Introduction 
The name Cinnamon refers to the tropical evergreen tree as well as the bark that is extracted from 
the plant. Cinnamon is known as “cannelle” in French, “ceylonzeimt/kaneel” in German, “canella” in 
Italian, “canela” in Spanish, “yook gway” in Chinese, “dal-chini” in Hindi and “kurunda” in Sinhalese. 
Cinnamon spice is obtained by drying the central part of the bark and is marketed as quills or powder. 
The production of Cinnamon is mostly limited to the wettest lowland areas of Southeast Asia. 
A lot of confusion exists between Cinnamon and cassia. Cassia is thick, hard and has a flavour that is 
extremely bitter and burning with somewhat of a bite in the after taste. Cassia has a double curl 
when it dries, meaning that this is a spiral of dried bark, a small bit of relatively straight bark, then the 
other long edge spiral in the opposite direction. Ground cassia has very reddish brown colour. True 
Cinnamon has but a single spiral curl and is almost papery, brittle, easily crushed or powdered. Its 
flavour is more subdued, less bitter and has a decidedly sweet finish in the after taste. Its smell is 
sweet and aromatic. The bark of Cinnamon is pale yellowish brown. Cassia was used in China long 
before the introduction of true Cinnamon but is now considered an inferior substitute. Cinnamon as a 
spice dates back in Chinese writings to 4000 BC. The botanical name Cinnamomum is derived from 
the Hebrew and Arabic term “amomon”, meaning fragrant spice plant. Cinnamon is referred to in the 
Old Testament and in Sanskrit writings. In ancient Egypt, Cinnamon was used medicinally, as a 
flavouring and in embalming. The spice was highly prized by the Greeks and Romans. It was one of 
the spices which sent Columbus west to discover the eastern Spice Islands. It was the same search for 
spices that led Vasco da Gama to round the Cape of Good Hope and reach the Malabar Coast of India 
in 1498. The Portuguese invaded Sri Lanka immediately after reaching India in 1536 mainly for 
Cinnamon. Both Herodotus in the fifth century BC and Theophrastus in the fourth century BC, 
believed that Cinnamon and cassia came from the neighbourhood of Arabia. Cinnamomum 
zeylanicum is reported to have originated in Sri Lanka and the Malabar Coast of India. C. cassia is 
reported to have originated in South-East China (Radhakrishnan, Madhusoodnan and Kuruvilla 1992).  
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2.2.4.2 Botany 
Cinnamon is cultivated up to an altitude of 500 meters above mean sea level where the mean 
temperature is 27°C and annual rainfall is 2000–2400 mm. It prefers sandy soil enriched with organic 
matter. Cinnamon is classified in the botanical division Magnoliophyta, class Magnoliopsida, order 
Magnoliales and family Lauraceae. The tree grows to a height of 7 to 10 m in its wild state and has 
deeply veined ovate leaves that are dark green on top and lighter green underneath. Both bark and 
leaves are aromatic. It has small yellowish white flowers with a disagreeable odour and bears dark 
purple berries. The genus Cinnamomum has 250 species and many of them are aromatic and 
flavouring. In many instances, very little distinction is made between the bark of Cinnamomum verum 
(syn. C. zeylanicum, true Cinnamon) and Cinnamomum cassia (Chinese cinnamon). C. verum provides 
Cinnamon bark of the finest quality and oil of Cinnamon whereas C. cassia provides cassia bark and 
oil of cassia (also known as oil of Cinnamon) (Thomas and Duethi 2001),  
2.2.4.3 Uses 
A large proportion of the total usage of Cinnamon is for culinary purposes. It can be bought as whole 
sticks, used to flavour rice and meat dishes, but recipes can also call for ground Cinnamon. Cinnamon 
being more delicate is mostly used in dessert dishes. It is used to spice mulled wines, creams and 
syrups in Europe. In Mexico, the largest importer of Sri Lankan Cinnamon, it is drunk with coffee and 
chocolate or brewed as a tea. Although in Western cuisine, it is mainly used in sweet dishes, its 
primary use is within savoury dishes in the East. In Indian cuisine, it is used in curries and pilaus and is 
an important ingredient in garam masala. Cinnamon sticks are used in beverages, boiled beef, pickles, 
chutneys and ketchup. It is common in many Middle Eastern, North African dishes in flavouring lamb 
tagines or stuffed aubergines. In India, Southeast Asia, USA and in European countries, Cinnamon is 
used for flavouring foods. It is commonly used for deodorizing/masking in the food industry. Bark oil 
is employed mainly in the flavouring industry where it is used in meat and fast food seasonings, 
sauces and pickles, baked goods, confectionery, cola-type drinks, tobacco flavours and in dental and 
pharmaceutical preparations. The bark oil is anti-fungal and anti-bacterial, slowing meat spoilage, so 
its use as a spice for meat dishes in warmer climates is sensible. Cinnamon oleoresin is used in 
flavouring, cake and similar mixes, pickles, prepared meats, convenience foods and related products. 
Leaf oil is used as a flavouring agent for seasonings and savoury snacks to a small extent. The stronger 
flavour of cassia is preferred in chocolate manufacture by Germans and Italians and is used less 
frequently in the kitchen (Thomas and Duethi 2001) . 
2.2.4.4 Production and trade 
Sri Lanka followed by the Seychelles and Malagasy Republic are the major producers of true 
Cinnamon bark with the best quality, while Indonesia, China and Vietnam contribute the major share 
of cassia. India, Malaysia, Indian Ocean Islands and West Union territories are occasional exporters 
but their impact on world trade is not so significant (Atal and Kapur 1982). The major importer of 
Cinnamon is Mexico followed by Germany, USA and Great Britain. Other importers are Saudi Arabia, 
Taiwan, Singapore, Hong Kong and France (Farrel 1986). Spice is traded internationally in whole form 
and grinding is often carried out in the consuming centres. Bark oil is produced from the distillation of 
imported Cinnamon/cassia in Western Europe and North America. The major Cinnamon bark oil 
supplier is Sri Lanka, and France is the biggest importer followed by USA (Hone and Milchard 1993). 
Leaf oil is distilled in Sri Lanka and the Seychelles. USA and Western Europe are the largest markets 
for Cinnamon leaf oil. The ready availability of eugenol extracted from Clove leaf oil has led to some 
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loss in market for Cinnamon leaf oil. Harvesting for bark is made after the second or third year of 
planting and the subsequent harvest is made between 12 and 18 months after the previous harvest. 
Quills of 60–125 kg/ha are obtained from the first harvest. Plants with an age of 10–12 years will give 
about 225–300 kg quills per hectare. Cutting of the tree is normally done in the wet season from 
central portions of shoots. The finest quality of bark is obtained from shoots with uniform brown 
colour, thin bark 1.0–1.25 m length and 1.25 cm diameter. The ideal time for cutting the stem is when 
the red flush of the young leaves turn to green and this is the indication of the free flow of sap 
between the bark and the wood. Shoots ready for peeling are removed from the stumps and the 
terminal ends of shoots are also removed. The harvesting season varies from May to November, 
although harvesting on a limited scale continues throughout the year (Thomas and Duethi 2001). 
2.2.4.5 General Composition 
The dried bark of C. zeylanicum contains 59.5% carbohydrates, 20.3% fibre, 9.9% moisture, 4.6% 
protein, 2.2% fat and 3.5% total ash. It also contains 1.6% calcium, 0.05% phosphorus, vitamin A (175 
IU), vitamin B1 (0.14 mg/100 g), vitamin B2 (0.21 mg/100 g), vitamin C (39.8 mg/100 g) and niacin 
(1.9 mg/100 g). The composition may vary depending of the type of Cinnamon product analysed, also 
the composition varies depending on the geographical origin of the spice and the processing 
conditions (J. Pruthi 1976).  
Table 2.4 Nutritional composition of ground Cinnamon per 100 g 
Composition Quantity 
Water (g) 10.58 
Food energy (Kcal) 247.0 
Protein (g) 3.99 
Fat (g) 1.24 
Carbohydrates (g) 80.59 
Dietary fibre (g) 53.1 
Calcium (mg) 1002.0 
Phosphorus (mg) 64.0 
Sodium (mg) 10.0 
Potassium (mg) 431.0 
Iron (mg) 8.32 
Zinc (mg) 1.83 
Magnesium (mg) 60.0 
Ascorbic acid (mg) 3.8 
Thiamine  (mg) 0.022 
Riboflavin (mg) 0.041 
Niacin (mg) 1.332 
Vitamin B6 (mg) 0.158 
Folate (µg) 6.0 
Source: (USDA 2016) 
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2.2.4.6 Chemistry 
The dried inner bark of Cinnamon and Cassia contains volatile oil, fixed oil, tannin, resin, proteins, 
cellulose, pentosans, mucilage, starch, calcium oxalate and mineral elements (Leela 2008). The 
relative abundance of these components varies considerably according to location, age of the tree, 
climatic condition, season, and time of harvest and duration of storage. 
Volatiles 
Cinnamon possesses a delicate, spicy aroma, which is attributed to its volatile oil. Volatile 
components are present in all parts of Cinnamon and cassia. They can be classified broadly into 
monoterpenes, sesquiterpenes and phenylpropenes. Cinnamon yields mainly leaf and bark oils, 
which are used in perfumery and flavouring. The major component of leaf oil is eugenol, while that of 
bark oil is cinnamaldehyde (Leela 2008). Volatile components do occur in other parts, including root 
bark, fruits, flowers, twigs and branches. 
Bark oil 
The volatile oil content in Cinnamon bark varies from 0.4 to 2.8% (Angmor, et al. 1972, Wijesekera 
1978, Krishnamoorthy, Rema and Zachariah, et al. 1996). Senanayake, Lee and Wills (1978) reported 
that the oil from the stem bark of a commercial sample contained 75% cinnamaldehdyde, 5% 
cinnamyl acetate, 3.3% caryophyllene, 2.4% linalool and 2.2% eugenol. Bernard, et al. (1989) studied 
the composition of volatiles from C. zeylanicum bark by two methods, namely, direct distillation and 
extraction using TTE (1,1,2-trichloro- 1,2,2-trifluoroethane) followed by hydro distillation. Both 
methods were comparable, yielding 0.98–1.1% volatile oil. However, compositional differences were 
observed in both the oils. The TTE extract had a higher cinnamaldehyde content (84.1%) compared 
with the direct hydro distilled oil (75%). α-Pinene, 1,8-cineole and p-cymene, which were present in 
minor amounts in the hydro-distilled oil, were absent in the TTE product. There was less linalool, β-
caryophyllene and cinnamyl acetate in the oil obtained by the TTE method compared with the direct 
distillation method. 
The volatile oil from the stem bark of Madagascan origin was rich in eugenol (Medici, et al. 1992). 
Krishnamoorthy, et al. (1996) reported 2.7–2.8% volatile oil in the bark of the Cinnamon varieties 
Navashree and Nithyasree, with 58–68% cinnamaldehyde content. Nath, Modon and Baruah (1996) 
recorded a chemotype of C. verum with 84.7% benzyl benzoate in bark oil from the Brahmaputra 
Valley, India. Kaul, et al. (2003) analysed essential oil profiles of various parts of Cinnamon. The oil 
yields of different plant parts were: 0.40% in tender twigs; 0.36% in the pedicels of buds and flowers; 
0.04% in buds and flowers; 0.33% in the pedicels of fruits; and 0.32% in fruits. The tender twig oil was 
richer in α-phellandrene (3.4%), limonene (1.6%) and (E)-cinnamaldehyde (4%). The volatile oils from 
pedicels were richer in (E)-cinnamyl acetate (58.1–64.5%), β-caryophyllene (9.6–11.1%) and neryl 
acetate (1.4–2.0%). Higher amounts of (Z)-cinnamyl acetate (6.1%), α-humulene (2.2%), δ-cadinene 
(2.2%), humulene epoxide I (5%), α-muurolol (4.9%) and α-cadinol (2.4%) were observed in the oil of 
buds and flowers. However, all the oils contained linalool (3.6–27.4%), (E)-cinnamyl acetate (22.0–
64.5%) and β-caryophyllene (6.9–11.1%) as their major compounds. 
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Figure 2.10 Major volatile components of Cinnamon (Leela 2008) 
Non-volatiles 
Phytochemistry of Cinnamon and cassia deals mainly with the volatile components. Besides essential 
oil constituents, several diterpenes have been isolated from the genus. These include cinncassiols A, 
B, C1and their glucosides, cinncassiols C2 and C3, cinncassiols D1, D2 and D3 and their glucosides, 
cinncassiol E, cinnzeylanol, cinnzeylanin, anhydrocinnzeylanol and anhydrocinnzeylanin. In addition 
to these, several benzyl isoquinoline alkaloids, flavanol glucosides, coumarin, b-sitosterol, cinnamic 
acid, protocatechuic acid, vanillic acid and syringic acid have been isolated from the aqueous extract 
of C. cassia. Figure 2.5shows the structures of a few representative non-volatiles of Cinnamon and 
cassia. 
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Figure 2.11 Major non-volatile components of Cinnamon (Leela 2008) 
2.2.4.7 Medicinal and Pharmacological Uses 
Cinnamon has been used medicinally for thousands of years to fight toothache, clear up urinary tract 
infections and soothe stomach irritation. It has a broad range of historical uses in different cultures 
including the treatment of diarrhoea, arthritis and various menstrual disorders. The large number of 
medicinal applications for Cinnamon indicates the widespread appreciation of folk herbalists for its 
healing properties. In the Indian System of Ayurvedic medicine, it is used against a wide spectrum of 
diseases like bronchitis, colds, congestion, diarrhoea, dysentery, oedema, flu, gas, metabolic and 
heart strengthening, hiccups, indigestion, liver problems, menorrhagia, melancholy, muscle tension, 
nausea and vomiting. It assists uterine contractions during labour and menstrual pain from low 
metabolic function. For external applications, it is used against headaches and pain (Thomas and 
Duethi 2001). In Unani medicine, it is used as a cephalic tonic and cardiac stimulant and for the 
treatment of coughs. Flowers are used in the European tradition as a blood purifier. Cinnamon may 
find its way to a diabetic’s daily diet. It contains a chemical called methoxy hydroxy chalcone 
polymer, which can reduce the blood glucose level. It is now becoming more widely used as an herbal 
remedy in Europe and the United States. The generally recommended medicinal dosage for 
Cinnamon powder is 0.5–1 g as tea, 0.5–1 ml as fluid extract in 1:1 in 70% alcohol and 0.05–0.2 ml 
bark oil (Blumenthal, Busse and Goldberg 1998). Cinnamon is a good detoxifying herb and acts as a 
pain reliever. Various terpenoides found in essential oil are believed to account for Cinnamon’s 
medicinal effects. Important among these compounds are eugenol and cinnamaldehyde. Cinnamon 
oil has strong lipolytic properties in dissolving fat and thus aids digestion (Hirasa and Takemasa 1998). 
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Toxicity 
Culinary Cinnamon is on the Food and Drug Administration’s list of herbs generally recognized as safe 
(GRAS). The amounts of Cinnamon normally used in food are non-toxic, although some people 
develop allergic reactions after eating this spice. Chronic use may cause inflammation in the mouth. 
Ingestion of Cinnamon oil may cause nausea, vomiting and possible kidney damage. The oil may 
cause redness and burning of the skin. Cinnamon handlers have a high incidence of asthma, skin 
irritation, and hair loss. Toothpastes and ointments containing Cinnamon may cause stomatitis and 
dermatitis in some cases. Only small amounts should be used initially in persons who have not 
previously had contact with Cinnamon, and anyone with a known allergy should avoid it. The 
concentrated oil is more likely to cause problems. It has been reported from Sri Lanka that workers 
undertaking grading of Cinnamon have suffered a number of ailments, mainly in the form of cough 
and asthma, smarting of the eye and irritation to the skin due to exposure to Cinnamon dust (Thomas 
and Duethi 2001). 
Antioxidant activity 
For many centuries, Cinnamon and its essential oil have been used as preservatives in food, due to 
the antioxidant property of Cinnamon. Deterioration of food is due to lipid peroxidation. In vivo lipid 
peroxidation causes tissue damage, which can lead to inflammatory diseases. Phenolic compounds, 
such as hydroxy cinnamaldehyde and hydroxycinnamic acid, presentin the Cinnamon extract, act as 
scavengers of peroxide radicals and prevent oxidative damages (Wu, et al. 1994). 
Antibacterial activity 
The antibacterial activities of several C. zeylanicum bark extracts, obtained with different organic 
solvents, as ethyl acetate, acetone and methanol, were tested in vitro against Klebsiella pneumonia 
13883, Bacillus megaterium NRS, Pseudomonas aeruginosa ATCC 27859, Staphylococcus aureus 6538 
P, Escherichia coli ATCC 8739, Enterobacter cloacae ATCC 13047, Corynebacterium xerosis UC 9165, 
Streptococcus faecalis DC 74, by the disk-diffusion method. The results showed that the antibacterial 
activity, expressed as inhibition zone, ranges from 7 to 18 mm for the application of 30 µL, suggesting 
a high antibacterial activity (Keskin and Toroglu 2011). In other research, Cinnamon bark essential oil 
obtained through hydro-distillation was tested for antibacterial activity (expressed as MIC) against 
several pathogenic bacterial strains (Salmonella typhi, Salmonella paratyphi A, E. coli, S. aureus, 
Pseudomonas fluorescens and Bacillus licheniformis).  
The results showed that the tested sample exhibited excellent activity against all the selected strains 
(MIC values ranged from 2.9 to 4.8 mg/mL) (Naveed, et al. 2013). Gupta, et al. (2008) assessed the 
antimicrobial activities of Cinnamon (C.  zeylanicum) extract (50% ethanol) and its oil, and to compare 
their effectiveness against ten bacteria (seven Gram-positive and three Gram-negative). Cinnamon 
extract was found effective against almost all of the food-borne microbes. B. cereus was found to be 
the most sensitive to Cinnamon extract with an inhibition zone diameter (IZD) of 17 mm, followed by 
S. aureus (16 mm). Bacillus sp., B. subtilis and S. aureus were found to be partially sensitive to the test 
extract with an IZD of 14, 14 and 13 mm, respectively. However, P. aeruginosa was found to be 
resistant. While Cinnamon oil inhibited the growth of all the test bacteria, it produced the widest IZD 
against B. cereus (29 mm), followed by S. aureus (20 mm). It also inhibited the growth of P. 
aeruginosa and produced an IZD of 16 mm. The other test bacteria were also sensitive to the extract. 
The MIC values of Cinnamon extract ranged between 1.25 - 5% (v/v). Cinnamon extract was found to 
be most effective with the lowest MIC of 62.5 mg/ml against Bacillus sp. and S. aureus. While 
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cinnamon oil inhibited the growth of both groups of bacteria (Gram-positive and Gram-negative), 
Bacillus sp., L. monocytogenes, E. coli and Klebsiella sp. had the lowest MIC of 1.25% (v/v) in each 
case. 
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2.2.5 Clove 
 
                      
Figure 2.12 Syzygium aromaticum by Franz Eugen Kohler                                  Figure 2.13 Clove. Source: www.lifehacker.com 
                   
2.2.5.1 Introduction 
Clove (Syzygium aromaticum (L.) Merril. & Perry, syn. Eugenia aromaticum or E. caryophyllata) is one 
of the most ancient and valuable spices of the Orient. It is a member of the family Myrtaceae. The 
Clove of commerce is its dried unopened flower buds. The word ‘Clove’ was derived either from the 
Latin word “clavus”, or the French form “clou”, meaning “nail”. The buds resemble irregular nails. 
Clove buds are harvested when they have reached their full size and the colour has turned reddish. 
After being harvested, the buds are separated from the stems, by hand or thresher machine. 
Immediately after separation, the buds are dried under the sun or using an artificial dryer (Leela and 
Sapna 2008).  
2.2.5.2 Botany 
Clove is a medium-sized tree, which grows to a height of 10–20 m. The tree can live up to 100 years 
and there are individual records of trees over 350 years old in Ternate (Indonesia). The bark is grey, 
the leaves are elliptical in shape and fragrant with crimson flowers. The flowers are hermaphrodite 
with a fleshy hypanthium surrounded by sepals. The fruit is a purple drupe, about 2.5 cm long (Leela 
and Sapna 2008). The colour of unopened buds at the young stage is usually green, turning to flushed 
pink when they reach their full size, at which time they are ready for harvest. At that stage the 
stamens are still inside and covered by the petals which form the head of the dried Cloves. Early 
picking or overripe buds will produce lower quality Clove bud (Nurdjannah and Bermawie 2001). 
2.2.5.3 Uses 
The use of Clove in whole or ground form is mainly for domestic culinary purposes and as a flavouring 
agent in the food industry. Whole Cloves are seldom used in food processing as they are not a ready 
source of flavour. In some cases, whole Clove is inserted into ham and baked apples, and for pickles. 
Usually only small amounts, perhaps as many as five whole Cloves are used for pickling sauce blend, 
for meat such as corned beef and stews. Whole and ground Cloves are used to enhance the flavour of 
meat and rice dishes. They are used widely in curry powders and masalas. In North Indian cuisine, 
Cloves are used in almost every sauce or side dish made, mostly mixed with other spices. Cloves are 
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best used whole, because the flavour deteriorates quickly once it is powdered. The spice is used 
throughout Europe and Asia and is smoked in a type of cigarette, known locally as kretek, in 
Indonesia and in occasional coffee bars in the West, mixed with marijuana to create marijuana spliffs. 
Clove cigarettes (Indonesian kretek) are cigarettes made with a complex blend of tobacco, Cloves and 
a flavouring ‘sauce’. Cloves are also an important incense material in Chinese and Japanese culture. 
Oil of Clove is used extensively for flavouring all kinds of food products, such as meats, sausages, 
baked goods, confectionery, candies, table sauces, pickles, etc. In the food industry, Cloves are often 
used in the form of ground, extracted essential oils or oleoresin in a small amount because of their 
intense flavour. The advantages of using ground Cloves is that they retain a considerable degree of 
their original stability during storage and are better able to withstand high-temperature processing 
(e.g. baking) than many of the extracted processed products. Oleoresin is preferred over other Clove 
products, because it contains both volatile essential oil as well as non-volatile resinous material, 
which accounts for the flavour mimicking the original ground spice. Oleoresin also has low risk of 
bacterial contamination (Nurdjannah and Bermawie 2001). Clove leaf oil is not suitable for food 
flavouring because of its harsher note, and does not reproduce the genuine Clove flavour. It is mainly 
produced for production of eugenol and caryophyllene (Weiss 1997). Eugenols have flavour and 
antiseptic properties, therefore they have been used in soaps, detergents, toothpaste, perfumery and 
pharmaceutical products. The chief constituent of the oil, eugenol, is used in the preparation of 
synthetic vanillin and isoeugenol (J. Pruthi 1976). 
2.2.5.4 Production and trade 
Tanzania, Indonesia, Madagascar, Cameroon and Sri Lanka are the major Clove exporting countries. 
In recent years, world production of Clove has averaged around 80,000 t a year. Indonesia is the 
world’s largest producer at 50,000–60,000 t per annum. It is used mainly in the preparation of kretek 
cigarettes. Saudi Arabia, the USA, France and India are the major importing countries. (Leela and 
Sapna 2008). 
2.2.5.5 General Composition 
The composition of the Clove varies according to the agro climatic conditions under which it is grown, 
processed and stored. The dried Clove bud contains carbohydrates, fixed oil, steam-volatile oil, resins, 
tannins, proteins, cellulose, pentosans and mineral elements. Carbohydrates comprise about two-
thirds of the weight of the spice (Purseglove, et al. 1981). The dried dark and flower buds also contain 
nutrients like proteins, minerals, vitamins, etc. Nutrient composition of 100 g of Clove is indicated in 
Table 2.5 Carbohydrates are represented with 65%, 13% is fat and the rest is contributed by 
secondary metabolites, vitamins and minerals. Cloves are an excellent source of manganese, a very 
good source of dietary fibre, vitamin C, vitamin K and ω-3 fatty acids and a good source of calcium 
and magnesium. (Leela and Sapna 2008). 
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Table 2.5 Nutrient composition of ground Clove per 100 g  
Composition Quantity 
Water (g) 9.87 
Food energy (Kcal) 274.0 
Protein (g) 5.97 
Fat (g) 13.0 
Carbohydrates (g) 65.53 
Dietary fibre (g) 33.9 
Calcium (mg) 632.0 
Phosphorus (mg) 104.0 
Sodium (mg) 277.0 
Potassium (mg) 1020.0 
Iron (mg) 11.83 
Zinc (mg) 2.32 
Magnesium (mg) 259.0 
Ascorbic acid (mg) 0.2 
Thiamine  (mg) 0.158 
Riboflavin (mg) 0.220 
Niacin (mg) 1.56 
Vitamin B6 (mg) 0.391 
Folate (µg) 25.0 
Source: (USDA 2016) 
 
2.2.5.6 Chemistry 
2.2.5.6.1 Volatiles 
Clove yields three types of volatile oil: oil extracted from the leaves, the stem and the buds. These 
oils differ considerably in yield and quality. The yield and composition of the oil obtained are 
influenced by its origin, season, variety and quality of raw material, maturity at harvest, pre- and 
post-distillation treatments and method of distillation. The chief component of the oil is eugenol 
(Leela and Sapna 2008). 
Bud oil 
Good quality Clove buds contain 15–20% essential oil (Pino, Marbot, et al. 2001, Raina, et al. 2001, 
Zachariah, et al. 2005). The oil is dominated by eugenol (70–85%), eugenyl acetate (15%) and β-
caryophyllene (5–12%), which together make up 99% of the oil. The constituents of the oil also 
include methylamylketone, methylsalicylate, α- and β-humulene, benzaldehyde, b-ylangene and 
chavicol. The minor constituents like methylamylketone, methylsalicylate, etc., are responsible for 
the characteristic pleasant odour of Cloves. Gopalakrishnan, et al. (1984) characterized six 
sesquiterpenes, in the hydrocarbon fraction of the freshly distilled Indian Clove bud oil. Pino, et al. 
(2001) Identified 36 compounds of the volatile oil of Clove buds. The major components of the bud 
oil were eugenol (69.8%), β-caryophyllene (13%) and eugenyl acetate (16.1%). 
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Figure 2.14 Volatiles from Clove (Leela and Sapna 2008) 
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2.2.5.6.2 Non-volatiles 
So far, a few non-volatiles have been isolated from clove, which include tannins, sterols, triterpenes 
and flavonoids. Wild uncultivated trees of the Moluccas contained the crystalline compounds 
eugenone, eugenine, eugenitin and isoeugenitol (Guenther 1950). 
Tannins 
Cloves contain 10–13% tannin, which has the same chemical composition as gallotannic acid. 
Eugeniin and ellagitannin were isolated from Cloves by Nonaka, et al. (1980). Tanaka, et al. (1993), 
isolated eugenol glucoside gallate, a chromone C-glycoside, galloyl and hexahydroxy diphenyl esters 
of 2,4,6-trihydroxy ace- tophenone-3-glucopyranoside from Clove leaves.  
Triterpenes 
Cloves contain about 2% of the triterpene, oleanolic acid. Narayanan and Natu (1974) isolated 
maslinic acid from Clove buds. 2α-hydroxyoleanolic acid was isolated by Brieskorn, et al. (1975). 
Sterols 
Sterols isolated from Clove include sitosterol, stigmasterol and campesterol (Brieskorn, Münzhuber 
and Unger 1975). 
Flavonoids 
AchromoneC-glucoside, isobiflorin and biflorin were isolated from the ethanolic extract of Cloves 
(Zhang and Chen 1997). From the ethanol extract of the seeds, apigenin 6-C-[β-D-xylopyranosyl-
(1→2″)- β-D-galactopyranoside]-7-O-β-D-glucopyranoside and apigenin-6-C-[β-D-xylopyranosyl- (1→ 
2″)-β-D-galactopyranoside]-7-O-β-D-(6-O-p-cou- marylglucopyranoside) were isolated (Nassar 
2006).The flavonoids, kaempferol and rhamnetin, isolated from Clove are antioxidants. Chemical 
structures of a few non-volatile constituents are indicated in Fig 2.15 
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Figure2.15 Non-volatiles from Clove (Leela and Sapna 2008) 
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2.2.5.7 Medicinal and Pharmacological Uses 
India’s traditional Ayurveda healers have used Cloves since ancient times to treat respiratory and 
digestive ailments. Like many culinary spices, Cloves help relax the smooth muscle lining of the 
digestive tract and eating Cloves is said to be aphrodisiac (Leela and Sapna 2008). 
Aqueous extract of Clove flower bud inhibits immediate hypersensitivity in rats by inhibition of 
histamine release from mast cells in vivo and in vitro (Kim, Lee and Hong 1998). Cloves are more 
often used to assist the action of other herbal remedies rather than alone. When not available, 
Allspice is substituted. It is spicy, warming, stimulant, anodyne, anaesthetic, anti-emetic, antigriping 
(added to other herbs), vermifuge, uterine stimulant, stomachic, aromatic, carminative, antiseptic, 
antiviral, antibacterial, antifungal, antispasmodic, expectorant, aphrodisiac and promotes salivation 
and digestive juices. The oil is expectorant, anaesthetic, and emmenogogue. It affects the kidney, 
spleen and stomach and has preservative properties. Tea made from Clove bud (other herbs/spices 
can be used or added to Cloves, such as Allspice, Bay, Cinnamon and Marjoram) has been used to 
relieve bronchitis, asthma, coughs, a tendency to infection, tuberculosis, altitude sickness, nervous 
stomach, nausea, diarrhoea, flatulence, indigestion, dyspepsia and gastroenteritis (Leela and Sapna 
2008). 
In Chinese medicine Cloves are used as a kidney tonic (especially for impotence associated with 
deficient yang), to warm the body, increase circulation and as a digestive aid. They are also used for 
nausea, vomiting, flatulence, hiccups, stomach chills, fever, caries, toothache, cholera, colic, cracked 
nipples, diarrhoea, dyspepsia, halitosis (chewing on the whole Clove), unusual uterine bleeding, nasal 
polyps and impotence. The root is used for a weaker effect. The oil is employed for diarrhoea, 
halitosis, hernia, nausea and toothache (Nurdjannah and Bermawie 2001). 
Ethanolic extract (50%) of Clove produced a significant and sustained increase in the sexual activity of 
normal male rats, without any conspicuous gastric ulceration or adverse effects. Thus, the resultant 
aphrodisiac activity of the extract lends support to claims for its traditional usage in sexual disorders. 
The medieval German herbalists used Cloves as part of an antigout mixture. A paste of Clove was 
applied to the forehead for relief from colds. It has powerful local antiseptic and mild anaesthetic 
actions (Leela and Sapna 2008). 
Clove oil is an active ingredient in several mouthwash products and a number of over the counter 
toothache pain-relief preparations. It is also used to disinfect root canals. For toothache, Clove tea 
has been used in combination with chamomile or sage. Eugenol is shown to alleviate neuropathic 
pain (Guénette, et al. 2007).  
 
Antioxidant activity 
Clove essential oil has the highest antioxidant capability of any essential oil, perhaps one of the 
highest known for a food or supplement. It has been included in some ‘longevity’ formulae for this 
reason. Clove and eugenol possess strong antioxidant activity, which is comparable to the activities of 
the synthetic antioxidants, BHA and pyrogallol (Dorman, Surai and Deans 2000). Essential oil from 
Clove leaf possesses scavenging activity against the 2,2-diphenyl-1-picryl hydrazyl (DPPH) radical at 
concentrations lower than the concentrations of eugenol, butylated hydroxy toluene (BHT) and 
butylated hydroxyanisole (BHA). It also shows a significant inhibitory effect against hydroxyl radicals 
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and acts as an iron chelator (Gülçin, et al. 2004, Jirovetz, et al. 2006). The antioxidant activity of Clove 
bud extract and its major aroma components, eugenol and eugenyl acetate, are comparable to that 
of the natural antioxidant, α-tocopherol (Lee and Shibamoto 2001). Eugenol inhibits 5-lipoxy-genase 
activity and leukotriene-C4 in human PMNL cells (Raghavenra, et al. 2006). 
Antimicrobial activity 
Clove exhibits potent antimicrobial activity against Bacillus subtilis, Escherichia coli and 
Saccharomyces cerevisiae (De, De and Banerjee 1999). Clove oil (1% v/w) inhibits Listeria 
monocytogenes in chicken frankfurters (Mytle, et al. 2006). It has excellent antimicrobial properties 
and is used in food preservation (Smith, Stewart and Fyfe 1998). Clove oil exhibited a broad spectrum 
antimicrobial activity with a minimum zone diameter of 10 mm for E. cloacae and E. coli isolate and a 
maximum zone diameter of 35 mm for C. albicans (Ayoola, et al. 2008). In their research, Abo, et al. 
(2016), Using agar disc assay, the tested Clove extracts induced inhibition zones against five tested 
bacteria. Generally, there were no significant differences between the Gram-positive (S. aureus) and 
Gram-negative bacteria (E. coli) in their susceptibility to the tested extracts referring to broad 
specificity antimicrobial action of different extracts. Ethanol extract of Clove exhibited inhibition zone 
diameter ca. 10-17 mm with S. aureus, E. coli, S. marcescens, L. monocytogenes and S. enteritidis. The 
MIC of Clove was 100 μg/mL against Gram-negative and Gram-positive bacteria. These results 
indicating that the antimicrobial action of Clove extracts begins at low concentrations. 
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CHAPTER THREE: Materials and method 
 
3.1 spices 
 
The powdered spices Black Pepper (Piper nigrum), Allspice (Pimenta dioica), Cinnamon 
(Cinnamomum zeylanicum), and the whole spice Clove (Syzygium aromaticum), were bought in a 
local grocery store in Pisa in 2016, imported and packed by “TRS”. Equal part of these spices (2.5 
grams of every one) were mixed together in order to create the spice mix “Baharat”. 
3.1.1 Spices extraction 
Ten grams of every spice, including the “Baharat” were weighted and soaked in 100 ml of distilled 
water, and were left in the stove at 80°C for 12 hours in capped glass bottles under continued 
stirring. The extracts were then filtered through Whatman No.4 filter papers. The filtered extracts 
were weighted again, and were put in the stove at 40°C in order to reduce and concentrate it. The 
concentrated extracts were diluted to 100 mg/ml using sterilized water. 2.5 grams of every diluted 
spice extract were mixed together to create the “Baharat extract” mix.  
The diluted extracts were kept at a 4° refrigerator covered in aluminium foil to protect from sunlight. 
 
3.2 Bacterial strains and preparation of inoculum 
Twenty one strains of common food-borne pathogens were supplied by the infectious disease 
laboratory of the department of veterinary sciences, Pisa university: S. aureus (ATCC 6538), L. 
monocytogenes (ATCC 7644), E. faecalis (ATCC V583E), L. plantarum (ATCC 14917), E. coli (ATCC 
15325), P. aeruginosa (ATCC 27853), S. tiphymurium (ATCC 14028) and another 14 antibiotic resistant 
strains of S. aureus (A-D) isolated from various products of animal origins.   
The bacterial cultures were inoculated in 6 ml Brain Heart Infusion (BHI; Oxoid, Hampshire, England) 
broth for 24 hours at 37°C, the cultures were standardized to a 0.5 McFarland turbidity. The final 
inoculum had a concentration of 1.5 x 10⁸ CFU/ml. 
 
3.3 Determination of Minimum Inhibitory Concentrations of the spices extracts 
Minimum inhibitory concentration (MIC) is defined as the lowest concentration of an antimicrobial 
substance that prevents the growth of a microorganism after a specific incubation time. In this study, 
MIC was determined in the following procedure: The 6 different extracts were tested in order to 
calculate their MIC for each strain by dilution method. The test was performed in sterile 96-well 
microplates (SARSTEDT AG&Co. Numbrecht). A serial dilution of the various spice extracts and BHI 
broth suspension was performed starting from a concentration of 50.00 mg/ml and progressing with 
two fold dilution to a lowest concentration of 0.78 mg/ml with a total volume of 190μl in each well. In 
the case of Clove extract against wild strains of S. aureus the dilution was extended to a lowest 
concentration of 0.048 mg/ml. Each well was then inoculated with 10 μl of 0.5 McFarland standard 
bacterial suspension. Additionally, a positive control well was established using only 190μl of the BHI 
together with 10 µl of the bacterial suspension, for each strain. A negative control well was 
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established using only 200 µl of BHI broth. The plates were covered and incubated in a humid 
environment at 37°C for 24 hours. In this study, the MIC was the lowest concentration of spice 
extracts that visually exhibited growth inhibition of up to 80% in comparison to the positive control of 
each strain.   
 
3.4 Determination of Minimum Bactericidal Concentration of the spices extracts 
The Minimum Bactericidal Concentration (MBC) is defined as the lowest concentration of an 
antimicrobial agent needed to kill 99.9% of the initial inoculums. MBC was determined for the various 
spice extracts using samples from the 96 well plates used to determine the extract’s MIC. Samples 
were taken with an Inoculation loop from wells with equal and higher spice extract concentration for 
each extract and bacterial strain. They were than inoculated in Tryptone Soy agar (TSA; SARSTEDT 
AG&Co. Numbrecht) plates that were divided into 16 fields. Plates were then incubated at 37°C for 24 
hours. Bacterial growth was subsequently evaluated. MBC value in terms of mg/ml was defined as 
the lowest concentration of spice extract that corresponds to the field in which no bacterial growth 
was visible. 
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CHAPTER FOUR: Results  
 
The MIC and MBC of the spice extracts tested in our study are presented in tables 4.1 and 4.2, 
respectively.  
Table 4.1 MICs (mg/ml) of spice extracts on ATCC and wild type bacteria's 
Strain/spice Cinnamon Clove Black Pepper Allspice Baharat Baharat extract 
S. aureus 
ATCC 6538 
1.56 <0.78 12.50 <0.78 <0.78 <0.78 
S. aureus 
wild strains 
1.56 0.05 50.00 0.39 0.78 0.20 
L. monocytogenes 
ATCC 7644 
50.00 3.13 25.00 1.56 25.00 <0.78 
E. faecalis 
ATCC  V583E 
12.50 6.25 50.00 6.25 25.00 6.25 
L. plantarum 
ATCC 14917 
>50.00 1.25 >50.00 <0.78 >50.00 <0.78 
E. coli 
ATCC 15325 
>50.00 >50.00 >50.00 >50.00 >50.00 >50.00 
P. aeruginosa 
ATCC 27853 
>50.00 6.25 >50.00 >50.00 >50.00 >50.00 
S. Tiphymurium 
ATCC 14028 
>50.00 >50.00 >50.00 >50.00 >50.00 >50.00 
 
 
Table 4.2 MBCs (mg/ml) of spice extracts on ATCC and wild type bacteria's 
Strain/spice Cinnamon Clove Black Pepper Allspice Baharat Baharat extract 
S. aureus 
ATCC 6538 
25.00 25.00 >50.00 50.00 25.00 3.13 
S. aureus 
wild strains 
25.00 25.00 >50.00 >50.00 50.00 50.00 
L. monocytogenes 
ATCC 7644 
50.000 12.500 >50.00 >50.00 >50.00 >50.00 
E. faecalis 
ATCC V583E 
50.000 >50.00 >50.00 >50.00 >50.00 >50.00 
L. plantarum 
ATCC 14917 
>50.00 >50.00 >50.00 >50.00 >50.00 >50.00 
E. coli 
ATCC 15325 
>50.00 >50.00 >50.00 >50.00 >50.00 >50.00 
P. aeruginosa 
ATCC 27853 
>50.00 6.25 >50.00 >50.00 >50.00 >50.00 
S. Tiphymurium 
ATCC 14028 
>50.00 >50.00 >50.00 >50.00 >50.00 >50.00 
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Cinnamon 
 
MIC 
The aqueous spice extract of Cinnamomum zeylanicum demonstrated the lowest MIC levels were 
against S. aureus ATCC 6538 and wild strains, with concentration of 1.56 mg/ml, followed by E. 
faecalis ATCC V583Ewith 12.50 mg/ml and L. monocytogenes ATCC 7644 with 50.00 mg/ml. The other 
bacterial strains: L. plantarum ATCC 14917,E. coli ATCC 15325, P. aeruginosa ATCC 27853 and S. 
tiphymurium ATCC 14028were greater than 50.00 mg/ml and were not detected because they were 
out of the test dilution range. 
 
Figure 4.1 MIC of Cinnamon expressed in mg/ml for each strain 
MBC 
S. aureus ATCC 6538 and wild strains showed the lowest MBC levels, with concentration of 25.00 
mg/ml, followed by E. faecalis ATCC V583E and L. monocytogenes ATCC 7644 with 50.00 mg/ml. The 
other bacterial strains: L. plantarum ATCC 14917, E. coli ATCC 15325, P. aeruginosa ATCC 27853 and 
S. tiphymurium ATCC 14028 were greater than 50.00 mg/ml and were not detected because they 
were out of the test dilution range. 
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Figure 4.2 MBC of Cinnamon expressed in mg/ml for each strain 
Clove 
 
MIC 
The aqueous spice extract of Syzygium aromaticum demonstrated that the lowest MIC levels were 
against S. aureus wild strains with 0.05 mg/ml in mode, with one strain (I), which showed 0.012 
mg/ml, while S. aureus ATCC 6538 MIC level wasn’t determent because it was lower than 0.78 mg/ml 
and was out of the test dilution range .L. plantarum ATCC 14917 showed 1.25 mg/ml, than L. 
monocytogenes ATCC 7644 with 3.13 mg/ml, E. faecalis ATCC V583E and P. aeruginosa ATCC 27853 
with 6.25 mg/ml. E. coli ATCC 15325 and S. tiphymurium ATCC 14028 were greater than 50.00 mg/ml 
and were not detected because they were out of the test dilution range.
 
Figure 4.3 MIC of Clove expressed in mg/ml for each strain 
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MBC 
P. aeruginosa ATCC 27853 showed the lowest MBC, with 6.25 mg/ml, followed by L. monocytogenes 
ATCC 7644 with 12.50 mg/ml, S. aureus ATCC 6538 and wild strains 25.00 mg/ml. E. faecalis ATCC 
V583E, L. plantarum ATCC 14917, E. coli ATCC 15325 and S. tiphymurium ATCC 14028 were greater 
than 50.00 mg/ml and were not detected because they were out of the test dilution range. 
 
Figure 4.4 MBC of Clove expressed in mg/ml for each strain 
Black Pepper 
MIC 
The aqueous spice extract of Piper nigrum demonstrated that the lowest MIC levels were against S. 
aureus ATCC 6538 with MIC levels of 12.50 mg/ml, followed by L. monocytogenes ATCC 7644 with 
25.00 mg/ml, S. aureus wild strains with 50.00 mg/ml with an exception of two strains (L, N) with 
12.50 mg/ml, E. faecalis ATCC V583E with 50.00 mg/ml. the other strains, L. plantarum ATCC 14917, 
E. coli ATCC 15325, P. aeruginosa ATCC 27853 and S. tiphymurium ATCC 14028 were greater than 
50.00 mg/ml and were not detected because they were out of the test dilution range. 
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Figure 4.5 MIC of Black Pepper expressed in mg/ml for each strain 
MBC 
All tested bacterial strains showed greater concentrations than 50.00 mg/ml and were not detected 
because they were out of the test dilution range. 
 
Allspice 
 
MIC 
The aqueous spice extract of Pimenta dioica demonstrated that the lowest MIC levels were against S. 
aureus wild strains with 0.39 mg/ml. S. aureus ATCC 6538 and L. plantarum ATCC 14917 MIC level 
wasn’t determent because it was lower than 0.78 mg/ml and was out of the test dilution range. L. 
monocytogenes ATCC 7644 showed 1.56 mg/ml, E. faecalis ATCC V583E with 6.25 mg/ml, E. coli ATCC 
15325, P. aeruginosa ATCC 27853 and S. tiphymurium ATCC 14028 were greater than 50.00 mg/ml 
and were not detected because they were out of the test dilution range. 
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Figure 4.6 MIC of Allspice expressed in mg/ml for each strain 
MBC 
All tested bacterial strains apart S. aureus ATCC 6538 (50.00 mg/ml), showed greater concentrations 
than 50.00 mg/ml and were not detected because they were out of the test dilution range. 
 
Baharat 
 
MIC 
The aqueous spice extract of Baharat demonstrated that the lowest MIC levels were against S. aureus 
ATCC 6538, but MIC level wasn’t determent because it was lower than 0.78 mg/ml and was out of the 
test dilution range. S. aureus wild strains showed MIC of 0.78 mg/ml, followed by L. monocytogenes 
ATCC 7644 and E. faecalis ATCC V583E with 25.00 mg/ml. L. plantarum ATCC 14917, E. coli ATCC 
15325, P. aeruginosa ATCC 27853 and S. tiphymurium ATCC 14028 were greater than 50.00 mg/ml 
and were not detected because they were out of the test dilution range. 
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Figure 4.7 MIC of Baharat expressed in mg/ml for each strain 
 
MBC 
S. aureus ATCC 6538showed the lowest MBC, with 25.00 mg/ml, followed by S. aureus wild strains 
with 50.00 mg/ml. L. monocytogenes ATCC 7644, E. faecalis ATCC V583E, L. plantarum ATCC 14917, E. 
coli ATCC 15325, P. aeruginosa ATCC 27853 and S. tiphymurium ATCC 14028 were greater than 50.00 
mg/ml and were not detected because they were out of the test dilution range. 
 
Figure 4.8 MBC of Baharat expressed in mg/ml for each strain 
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Baharat extract 
 
MIC 
The aqueous spice extract of Baharat extract demonstrated that the lowest MIC levels were against 
S. aureus wild strains with 0.20 mg/ml. S. aureus ATCC 6538, L. monocytogenes ATCC 7644 and L. 
plantarum ATCC 14917 MIC level wasn’t determent because it was lower than 0.78 mg/ml and was 
out of the test dilution range .E. faecalis ATCC V583E demonstrated 6.25 mg/ml, while E. coli ATCC 
15325, P. aeruginosa ATCC 27853 and S. tiphymurium ATCC 14028were greater than 50.00 mg/ml 
and were not detected because they were out of the test dilution range. 
 
 
Figure 4.9 MIC of Baharat extract expressed in mg/ml for each strain 
MBC 
S. aureus ATCC 6538 showed the lowest MBC, with 3.13 mg/ml, followed by S. aureus wild strains 
with 50.00 mg/ml .L. monocytogenes ATCC 7644, E. faecalis ATCC V583E, L. plantarum ATCC 14917, E. 
coli ATCC 15325, P. aeruginosa ATCC 27853 and S. tiphymurium ATCC 14028 were greater than 50.00 
mg/ml and were not detected because they were out of the test dilution range. 
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Figure 4.10 MBC of Baharat extract expressed in mg/ml for each strain 
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CHAPTER FIVE: Discussion and conclusions 
 
The aim of this study was to evaluate the antibacterial properties of several spices which together 
constitute the spice mix “Baharat”. Our curiosity regarding Baharat was derived from the fact it has 
been used for centuries in Middle Eastern and north-African countries to season meat and fish 
dishes. These countries are known for their warm climate which represents a great challenge in 
preserving foodstuff. Our presumption was that the spice mix is frequently used not only for its 
flavour and taste, but primarily for its antibacterial capacities which led to its common use in such 
countries. 
 
After testing the catalogue strains, it was evidenced that S. aureus was more susceptible to the spice 
extracts, and it was decided to add to the experiment the additional 14 s. aureus wild strains. 
Gram positive strains were more susceptible than the gram negative ones, presumably because of 
their lack of outer lipopolysaccharide membrane. 
Clove extract was found to be the strongest of all spices in terms of MIC and MBC on all bacterial 
strains except E. coli ATCC 15325 and S. tiphymurium ATCC 14028. Clove extract activity against P. 
aeruginosa ATCC 27853 had the same MIC and MBC (6.25 mg/ml) which means that in this 
concentration the Clove extract is considered antibacterial. Inhibiting activity of Clove against L. 
monocytogenes ATCC 7644 MBC was less than four times greater than the MIC and can be considered 
as antibacterial as well (French 2006) . The present study found very low MIC levels of Clove extract 
for most bacterial strains tested, nonetheless MBC levels for most bacterial strains were more than 
four times higher than the corresponding MIC. It is therefore concluded that Clove extract is a potent 
inhibitory agent in low concentrations, yet it cannot be defined as antibacterial for most strains 
tested.  Similar results have been recently described by Abo, et al. (2016). The authors reported MIC 
levels of 0.05 - 0.1 mg/ml against S. aureus and E.coli. Interestingly, the latter study found no 
difference between the inhibiting capacity of Clove extract towards gram positive and gram negative 
bacteria. In our study no inhibition was exhibited towards E. coli ATCC 15325. It is possible that the 
difference is due to the fact that different solvents were used to create the extracts. Abo, et al. used 
a less polar solvent and therefore it might contain other active compounds or permitted better 
penetration of the active ingredients through the lipopolysaccharide membrane of these bacteria.  
Black Pepper’s extract showed the lowest MIC and MBC on all strains in comparison to the other 
spice extracts used in this study. The antibacterial properties of Black Pepper extracted in various 
solvents, purified piperine and piperic acid were evidenced by Zarai, et al. (2013). The authors found 
that the most efficient solvent is ethanol, probably due to the presence of phenolic and flavonoid 
components which are more soluble in less polar solvents. Our study used aqueous extracts which 
are very polar and probably absorb less of the active components. The active ingredient in Black 
Pepper, Piperine, is known to have a bio-enhancing ability which increases the bio-availability of 
other substances. It is possible to assume that this is its function in the Baharat spice mix, rather than 
bacterial inhibition (Rajinder, et al. 2002, Sunil, et al. 2001).  
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Cinnamon extract showed a variable bacterial inhibiting activity in our study. The most sensitive 
bacterial strains were the S. aureus ATCC 6538 and the wild strains of S. aureus. The latter study 
confirms previously reported evidence by Gupta, et al.  (2008), which reported a MIC of 62.5 mg/ml 
against S. aureus using ethanol extract. Nonetheless, our study found a much lower MIC (1.56 mg/ml) 
using an aqueous extract of Cinnamon. It is possible that the antibacterial components of Cinnamon 
are more efficiently extracted in polar solvents, such as water. Additionally, the relative abundance of 
the active components in Cinnamon varies considerably according to location, age of the tree, 
climatic condition, season, time of harvest and duration of storage (Leela 2008). MBC values of 
Cinnamon against all S. aureus strains used in this study were 25mg/ml. the MIC and MBC of 
Cinnamon extract against L. monocytogenes ATCC 7644 had the same value (50.00 mg/ml) which 
means that in this concentration the Cinnamon extract is considered antibacterial. Likewise, E. 
faecalis ATCC V583E MBC was less than four times greater than the MIC and therefore Cinnamon can 
be considered as antibacterial for this bacteria as well.  
Allspice extract used in this study to evaluate its antibacterial properties were able to efficiently 
inhibit the growth of all gram negative bacterial strains with MIC levels ranging from 0.39 mg/ml (S. 
aureus wild strains) to 6.25 mg/ml (E. faecalis ATCC V583E). However, MBC levels of Allspice extract 
were greater than 50 mg/ml for all bacterial strains and therefore it cannot be considered 
antibacterial. Previous studies investigating the antibacterial activity of Pimena dioica used etheric 
oils, leaf extracts or purified active compounds extracted from the plant and reported various 
degrees of bacterial inhibition (Vazquez-Cahuich, et al. 2013, Oussualah, et al. 2006, Friedman, 
Henika and Mandrell 2002)   
The antibacterial properties of the traditional spice mix Baharat are reported in this study for the first 
time. The spices were blend into a mix in two different methods in order to separately evaluate the 
antibacterial activity achieved by each method. The Baharat mix which was blended prior to 
extraction (“Baharat”) showed efficient inhibition against the gram positive bacterial strains and in 
particular against S. aureus strains used in this study (0.78mg/ml). The second Baharat mix, made by 
blending of extracted spices (“Baharat extract”) showed even greater bacterial inhibiting effect with 
lowest MIC against S. aureus wild strains (0.20 mg/ml), followed by a MIC lower than 0.78 mg/ml 
against  S. aureus ATCC 6538, L. monocytogenes ATCC 7644 and L. plantarum ATCC 14917. The 
growth of E. faecalis ATCC V583E was inhibited by 6.25 mg/ml of the “Baharat extract”. Gram 
negative bacteria however, showed no sensitivity to both Baharat mixes, with MIC values of >50.00 
mg/ml, probably because of their lack of outer membrane. 
The difference between the two extracts’ inhibitory properties may arise from the extraction process; 
in the “Baharat” mix all spices were extracted together, but the spices particle dimensions were 
different e.g. Cinnamon powder particles are smaller than grounded Clove particles. It is possible that 
due to the greater surface area/volume ratio of smaller particles, they had the ability to saturate the 
solvent with greater efficiency then the larger particles. This leading to a more efficient extraction of 
active components from smaller particles. While in the “Baharat extract” mix, each spice was 
extracted separately resulting in a more efficient extraction of its active components. 
MBC values for the “Baharat” and the “Baharat extract” against all bacterial strains were greater than 
50.00 mg/ml, in exception of S. aureus ATCC 6538 which had MBC values of 25.00 and 3.13 for 
“Baharat” and “Baharat extract”, respectively.   
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In conclusion, the Baharat spice mix and its components tested in this study were able to effectively 
inhibit the growth of most gram negative foodborne pathogens. The synergetic effect of the 
combination of spices was not proven by this study but is highly probable and there is room for 
further investigation of the Fractional Inhibitory Concentration Index to determine the interactions 
between the spice extracts. The inhibitory properties of Baharat and its constituting spices may 
represent a natural and safe substitute to chemical preservatives currently in use for preservation 
and prolongation of shelf-life of animal origin foodstuffs. Two recent studies have evaluated the 
antimicrobial properties of various herb and spice extracts and oils on modified atmosphere 
packaged fresh pork, vacuum packaged ham slices and vacuum packaged fresh pork (Huiyun, et al. 
2009, Baohua, Jinzhi and Youling 2007). The authors concluded that combined herb and spice 
extracts hold a potential as natural antimicrobials for food preservation. Further research should 
examine the inhibitory properties of the Baharat spice extracts on meat and dairy substrates and its 
potential use in controlled atmosphere and vacuum packaging.    
Fifteen different strains of S. aureus were tested and proven to be highly susceptible to the spice 
extracts. Staphylococcus spp. were responsible for more than 5% of foodborne outbreaks in Europe in 
2009 (EFSA 2011). Food handlers, cooking equipment and environmental surfaces are usually the 
sources of contamination with S. aureus (Bennett and Monday 2003). A possible application of our 
findings may be a disinfection product of topical application that can be used by food handlers or for 
work surfaces. Nonetheless there is need for further research to determine the In Vivo efficiency of 
the spice extracts tested in this study.  
Fourteen S. aureus wild strains tested in this study were antibiotic resistant, and showed 
susceptibility to the spice extracts. The emerging problem of antibiotic resistant strains represents a 
public health threat, and therefore further research on the combination or substitution of antibiotics 
with these spice extracts is warranted. 
The bacterial inhibiting properties of other spice mixes from warm climate countries such as Curry, 
Masala, Hawaij, Za’atar and others should be evaluated by further research. 
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